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GENE EXPRESSION TECHNIQUE 



FIELD OF THE INATENTION 



5 The present application relates to gene expression techniques. 



BACKGROUND OF THE DETENTION 



The class of proteins known as chaperones have been defined b3' Hart] (1996. 
10 Nature, 381, 571-580) as a protein that binds to and stabilises an otherwise 
unstable conformer of another protein and, by controlled binding and release, 
facilitates its correct fate in vivo, be it folding, oligomeric assembty, transport to a 
particular subcellular compartment or disposal by degradation. 

15 BiP (also known as GRP78, Ig heavy chain binding protein and Kar2p in yeast) is 
an abundant ~70kDa chaperone of the hsp 70 family, resident in the endoplasmic 
reticulum (ER) 5 which amongst other functions, serves to assist in transport in the 
secretory S5 r stem and fold proteins. 



20 Protein disulphide isomerase (PDI) is a chaperone protein, resident in the ER that 
is involved in the catalysis of disulphide bond formation during the post- 
translational processing of proteins. 

Studies of the secretion of both native and foreign proteins have shovra that transit 

25 from the ER to the Golgi is the rate-limiting step. Evidence points to a transient 

association of the BiP with normal proteins and a more stable interaction with 

mutant or misfolded forms of a protein. As a result, BiP may pla3' a dual role in 

solubilising folding precursors and preventing the transport of unfolded and 

unassembled proteins. Robinson and Wittrup, 1995, Biotechnol Prog. 11, 171- 

30 177, have examined the effect of foreign protein secretion on BiP (Kar2p) and 

PDI protein levels in Saccharomyces cerevisiae and found that prolonged 
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constitutive expression of foreign secreted proteins reduces soluble BiP and PDI 
to levels undetectable by Western analysis. The lowering of ER chaperone and 
foldase levels as a consequence of heterologous protein secretion has important 
implications for attempts to improve yeast expression/secretion systems. 



Expression of chaperones is regulated by a number of mechanisms, including the 
unfolded protein response (UPR) . 



Using recombinant techniques, multiple PDI gene copies has been shown to 
1 0 increase PDI protein levels in a host cell (Farquhar et al, 1 99 1 , Gene, 108, 8 1 -89). 

Co-expression of the gene encoding PDI and a gene encoding a heterologous 
disulphide-bonded protein was first suggested in WO 93/25676, published on 23 
December 1993, as a -means of increasing the production of the heterologous 
15 protein. WO 93/25676 reports that the recombinant expression of antistasin and 
tick anticoagulant protein can be increased by co-expression with PDI. 

This strategy has been exploited to increase the recombinant expression of other 
types of protein. 

20 

Robinson et al, 1994, Bio/Teclviology, 12, 381-384 reported that a recombinant 
additional PDI gene copy in Saccharomyces cerevisiae could be used to increase 
the recombinant expression of human platelet derived growth factor (PDGF) B 
homodimer by ten-fold and Schizosacharomyces pombe acid phosphatase by four- 
25 fold. 

Hayano et al, 1995, FEBS Letters, 377, 505-511 described the co-expression of 
human lysozyme and PDI in yeast Increases of around 30-60% in functional 
lysozyme production and secretion were observed. 

30 
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Shusta et aL 199S, Nature Biotechnology^ 16. 773-777 reported that the 
recombinant expression of single-chain antibody fragments (scFv) in 
Saccharomvces cerevisiae could be increased by between 2-8 fold by over- 



expressing PDI in the host cell. 



10 



15 



Bao & Fulcohara. 2001, Gene, 272, 103-110 reported that tlie expression and 
secretion of recombinant human serum albumin (rHSA) in the yeast 
Kluweromyces lactis could be increased h)' 15-fold or more by co-expression with 
an additional recombinant copy of the yeast PDI gene (KIPDI1). 

In order to produce co-transformed 3'east comprising both a PDI gene and a gene 
for a heterologous protein, WO 93/25676 taught that the two genes could be 
chromosomally integrated; one could be chromosomally integrated and one 
present on a plasmid; each gene could be introduced on a different plasmid; or 
both genes could be introduced on the same plasmid. WO 93/25676 exemplified 
expression of antistasin from the plasmid pKH4a2 in }'east strains having a 
chromosomally integrated additional copy of a PDI gene (Examples 16 and 17); 
expression of antistasin from the vector K991 with an additional PDI gene copy 
being present on a multicopy yeast shuttle vector named YEp24 (Botstein et al 9 
1979 ? Gene, 8, 17-24) (Example 20); and expression of both the antistasin and the 
PDI genes from the 3'east shuttle vector pCl/1 (Rosenberg et al> 1984, Nature, 
312, 77-80) under control of the GAL 10 and GAL1 promoters, respective^. 
Indeed, Robinson and Wittrup, 1995 3 op. cit y also used the GAL1— GAL 10 
intergenic region to express erythropoietin and concluded that production yeast 
25 strains for the secretion of heterologous proteins should be constructed using 
tightly repressible, inducible promoters, otherwise the negative effects of 
sustained secretion (i.e. lowered detectable BiP and PDI) would be dominant after 
the many generations of cell growth required to fill a large-scale fermenter. 
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Subsequent work in the field has identified chromosomal integration of transgenes 
as the key to maximising recombinant protein production. 

Robinson et al, 199 A, op. cit, obtained the observed increases in expression of 
5 PDGF and S. pombe acid phosphatase using an additional chromosomally 
integrated PDI gene copy. Robinson et al reported that attempts to use the multi- 
copy 2fim expression vector to increase PDI protein levels had had a detrimental 
effect on heterologous protein secretion. 

10 Hayano et al, 1995, op. cit described the introduction of genes for human 
lysozyme and PDI into a yeast host each on a separate linearised integration 
vector, thereby to bring about chromosomal integration. 

Shusta et al, 1998, op. cit, reported that in yeast systems, the choice between 
15 integration of a transgene into the host chromosome versus the use of episomal 
expression vectors can greatly affect secretion and, with reference to Parekh & 
Wittrup, 1997, Biotechnoi Prog., 13, 117-122, that stable integration of the scFv 
gene into the host chromosome using a 5 integration vector was superior to the use 
of a 2^m-based expression plasmid. Parekh & Wittrup, op. cit, had previously 
20 taught that the expression of bovine pancreatic trypsin inhibitor (BPTI) was 
increased by an order of magnitude using a 5 integration vector rather than a 2|_im- 
based expression plasmid. The 2{im-based expression plasmid was said to be 
counter-productive for the production of heterologous secreted protein. 

25 Bao & Fukuhara, 2001, op. cit, reported that "It was first thought that the KIPDI1 
gene might be directly introduced into the multi-copy vector that carried the rHSA 
expression cassette. However, such constructs were found to severely affect yeast 
growth and plasmid stability. This confirmed our previous finding that the 
KIPDI1 gene on a multi-copy vector was detrimental to growth of K lactis cells 

30 (Bao et al, 2000)". Bao et .al, 2000, Yeast, 16, 329-341, as referred to in the 
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above-quoted passage, of Bao & Fuhuhara, reported tliai the IQPDI1 E^eae had 
beeD introduced into IC lactis on a multi-copy plasmid, pKan707, and that the 
presence of the plasmid caused the. strain to grow poorl_y. Bao et a] concluded that 
over-expression of the K1PDI1 gene was toxic to K. lactis cells. In the light of the 
earlier findings in Bao et al„ Bao &■ Fulcuhara chose to introduce a sinele 
duplication of ICIPDU on the host chromosome. 

Against tins background, we have surprising^' demonstrated that contrary to the 
suggestions in the prior art,, when the genes for a chaperone protein and a 
heterologous protein .are co-expressed on a lum-farnity multi-copy plasmid in 
yeast, the production of the heterologous protein is substantially increased. 

DESCRIPTION OF THE INTS^NTION 

A first aspect of the present invention provides a method for producing 
heterologous protein comprising: 

(a) providing a host cell comprising a Ipm-famity plasmid, the 

■ 

plasmid comprising a gene encoding a protein comprising the sequence of 
. a chaperone protein and a gene encoding a heterologous protein; 

(b) culturing the host cell in a culture medium under conditions that 
allow the expression of the gene encoding the chaperone protein and the 
gene encoding a heterologous protein; 

(c) purifying the thus expressed heterologous protein from the culture 
medium; and 



(d) optionally, lyophilising the thus purified protein. 
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In one embodiment, step (c) purifies the thus expressed heterologous protein to a 
commercially acceptable level of purity or a pharmaceutically acceptable level of 
purity. 

Preferably, the method further comprises the step of formulating the purified 
heterologous protein with a carrier or diluent, such as a pharmaceutically 
acceptable carrier or diluent and optionally presenting the thus formulated protein 
in a unit dosage form. 

A second aspect of the present invention provides for the use of a 2p,m-family 
plasmid as an expression vector to increase the production of a fungal (preferably 
yeast) or vertebrate heterologous protein by providing a gene encoding the 
heterologous protein and a gene encoding a protein comprising the sequence of a 
chaperone protein on the same 2p.m-family plasmid. 

A third aspect of the present invention provides a 2f.Lm-fiimily plasmid comprising 
a gene encoding a protein comprising the sequence of a chaperone protein and a 
gene encoding a heterologous protein, wherein if the plasmid is based on the 2jxm 
plasmid then it is a disintegration vector. 

« 

A fourth aspect of the invention provides a host cell comprising a plasmid as 
defined above. 

The present invention relates to recombinantly modified versions of 2p,m-family 
plasmids. 

Certain closely related species of budding yeast have been shown to contain 
naturally occurring circular double stranded DNA plasmids*. These plasmids, 
collectively termed 2jj.m-farnily plasmids, include pSRl, pSB3 and pSB4 from 
Zygosaccharomyces ronxii (formerly classified as Zygosaccliaromyces bispoyus), 
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plasmids pSBJ and pSB2 from Zygosaccharomyces bailii t plasmid pSM] fi:om 
Zygosaccharomyces fermeniatt plasmid pKD ] from Khiweromyccs 
drosphilarum, an un-named plasmid from Pichia membranaefaciens (hereinafter 
t£ pPMF ? ) and the 2pm plasmid and variants (such as ScpL Scp2 and Scp3") from 
Saccharomyccs cercvisiae (Volkert, ei aL, 1989, Microbiological Reviews, 53, 
299; Munay ei aL 1988 5 J. Mol Biol 200, 601; Painting, et ai y 1984, J. Applied 
Bacieriolog\>, 56, 331). 



As a family of plasmids these molecules share a series of common features in that 
10 the)' typically possess two inverted repeats on opposite sides of the plasmid, have 
a similar size around 6-kbp (range 4757 to 6615-bp), three open reading frames, 
one of which encodes for a site specific recombinase (FLP) and an autonomous^' 
rephcaiing sequence CARS'), also known as an origin of replication (orz), located 
close to the end of one of the inverted repeats. (Futcher, 1988, Yeast, 4, 27; 
15 Mumry et aL, op. cit, and Toh-e et aL, 1986, Basic Life Sci. 40, 425), Despite 
their lack of discernible DNA sequence homology, their shared molecular 
architecture and the conservation of function of the three open reading frames 
have demonstrated a common ancestral link between the famil y members. 



20 Whilst any of the above naturally occurring 2pm-family plasmids can be used m 
the present invention, this invention is not limited to the use of naturally occurring 
2pm-family plasmids. For the purposes of this invention, a 2pm-famil3' plasmid 
is as described below. 



25 A 2pm-family plasmid is a circular, double stranded, DNA plasmid. It is typically 
small such as between 3,000 to 10,000 bp, preferably between 4,500 to 7000 bp, 
excluding recombrnantly inserted sequences'. 



A 2fxm-family plasmid typically comprises at least three open reading frames 
30 ("ORFs") that each encodes a protein that functions in the stable maintenance of 
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the 2pm-family plasmid as a multicopy plasmid. The proteins encoded by the 
three ORPs can be designated FLP, REP1 and REP2. Where a 2pm-family 
plasmid comprises not all three of the ORFs encoding FLP, REP 1 and REP2 then 
ORFs encoding the missing protein(s) should be supplied in trans 9 either on 
another plasmid or by chromosomal integration. 

A "FLP" protein is a protein capable of catalysing the site-specific recombination 
between inverted repeat sequences recognised by FLP. The inverted repeat 
sequences are termed FLP recombination target (FRT) sites and each is typically 
present as part of a larger inverted repeat (see below). Preferred FLP proteins 
comprise the sequence of the FLP proteins encoded by one of plasmids pSRl, 
pSBl, pSB2, pSB3, pSB4, pSMl, pKDl, pPMl and the 2\xm plasmid, for 
example as described in Volkert et al 9 op. cit., Murray et al, op. cit, and Painting 
et al, op. cit. Variants and fragments of these FLP proteins are also included in 
the present invention. "Fragments" and "Variants" are those which retain the ability 
of the native protein to catalyse the site-specific recombination between the same 
FRT sequences. Such variants and fragments will usually have at least 50%, 60%, 
70%, 80%, 90%, 95%, 98%, 99%, or more, homology with an FLP protein encoded 
by one of plasmids pSRl, pSBl, pSB2, pSB3, pSB4, pSMl, pKDl, pPMl and the 
2 pm plasmid. Different FLP proteins can have different FRT sequence 
specificities. A typical FRT site may comprise a core nucleotide sequence flanked 
by inverted repeat sequences. In the 2pm plasmid, the FRT core sequence is 8 
nucleotides in length and the flanking inverted repeat sequences are 13 nucleotides 
in length (Volkert et al y op. cit). However the FRT site recognised by any given 
FLP protein may be different to the 2pm plasmid FRT site. 

REP1 and REP2 are proteins involved in the partitioning of plasmid copies during 
. cell division, and may also have a role in the regulation of FLP expression. 
Considerable sequence divergence has been observed between REP1 proteins 
from different 2pm-family plasmids, whereas no sequence alignment is possible 
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between REP2 proteins derived from different 2 urn -family plasmids. Preferred 
REP1 and REP2 proteins comprise the sequence of the REP] arid RJEP2 proteins 
encoded by one of plasmids pSRL pSBl, pSB2, pSB3, pSB4, pSMl, pKDl, 
pPMl and the 2pm plasmid, for example as described hi Vollcert et al 7 op. ciz. t 
5 Murray et ah op. cil, and Painting et al, op. cit. Variants and fragments of these 
REP1 and REP2 proteins are also included in the present invention. "Fragments' 5 
and "variants" of REP 1 and REP2 are those which, when encoded by the plasmid in 
place of the .native ORF, do not substantially disrupt the stable multicopy 
maintenance of the plasmid within a suitable )'east population. Such variants and 
10 fragments of REP1 and RJEP2 will usually have at least 5%, 10%, 20%, 30%, 40%, 
50%, 60%, 70%, 80%, 90%, 95%, 98%, 99%, or more, homology with a REP1 and 
REP2 protein, respectively, as encoded by one of plasmids pSRl, pSBl, pSB2, 
pSB3, pSB4, pSMl, pKDl. pPMl and the 2jim plasmid. 



15 The REP1 and REP2 proteins encoded b}' the ORFs on the plasmid must be 
compatible. It is preferred that the REP 1 and REP2 proteins have the sequences 
of REP 1 and REP2 proteins encoded by the same natural^ occurring 2 jam-family 
plasmid, such as pSRl, pSBl, pSB2, pSB3, pSB4, pSMl, pKDl, pPMl and the 
2\im plasmid, or variant or fragments thereof. 

20 

A 2pm-family plasmid typically comprises two inverted repeat sequences. The 
inverted repeats may be an}' size, so long as they each contain an FRT site (see 
above). The inverted repeats are typically highly homologous. They may share 
greater than 50%, 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, 99%, 99.5% or 
25 . more sequence identity. In a preferred embodiment they are identical. Typically 
the inverted repeats are each between 200 to 1000 bp in length. Preferred inverted 
repeat sequences ma}' each have a length of from 200 to 300 bp, 300 to 400 bp, 
400 to 500 bp, 500 to 600 bp, 600 to 700 bp, 700 to 800 bp, 800 to 900 bp, or 900 
to 1000 bp. Particular!}' preferred inverted repeats are those of the plasmids pSRl 
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(959 bp), pSBl (675 bp), pSB2 (477 bp), pSB3 (391 bp), pSMl (352 bp), pKDl 
(346 bp), the 2pm plasmid (599 bp), pSB4 or pPMl. 

The sequences of the inverted repeats may be varied. However, the sequences of 
the FRT site in each inverted repeat should be compatible with the specificity of 
the FLP protein encoded by the plasmid, thereby to enable the encoded FLP 
protein to act to catalyse the site-specific recombination between the inverted 
repeat sequences of the plasmid. Recombination between inverted repeat 
sequences (and thus the ability of the FLP protein to recognise the FRT sites with 
the plasmid) can be determined by methods known in the art. For example, a 
plasmid in a yeast cell under conditions that favour FLP expression can be assayed 
for changes in the restriction profile of the plasmid which would result from a 
change in the orientation of a region of the plasmid relative to another region of 
the plasmid. The detection of changes in restriction profile indicate that the FLP 
protein is able to recognise the FRT sites in the plasmid and therefore that the FRT 
site in each inverted repeat are compatible with the specificity of the FLP protein 
encoded by the plasmid. 

In a particularly preferred embodiment, the sequences of inverted repeats, 
including the FRT sites, are derived from the same 2pm-family plasmid as the 
ORF encoding the FLP protein, such as pSRl, pSBl," pSB2, pSB3, pSB4, pSMl, 
pKDl, pPMl or the 2|im plasmid. 

The inverted repeats are typically positioned with the 2jjjn-family plasmid such 
that the two regions defined between the inverted repeats (e.g. such as defined as 
UL and US in the 2{im plasmid) are of approximately similar size, excluding 
exogenously introduced sequences such as transgenes. For example, one of the 
two regions may have a length equivalent to at least 40%, 50%, 60%, 70%, 80%, 
90%, 95% or more, up to 100%, of the length of the other region. 

10 
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A 2jim-familj' plasmid typical]}^ comprises the. ORF that encodes FLP and one 
inverted repeat (arbitrarily termed 'TR1 w to distinguish it from the other inverted 
repeat mentioned in the next paragraph) juxtaposed in such a manner that IRl 
occurs at the distal end of the FLP ORF 5 without any intervening coding sequence, 
for example as seen hi the 2pin plasmid. By "distal end" hi this context we mean 
the end of the FLP ORF opposite to the end from winch the promoter initiates its 
transcription. In a preferred embodiment the distal end of the FLP OPJF overlaps 
with IRL 

A 2pm-family plasmid typically comprises the ORF that encodes REP2 and the 
other inverted repeat (arbitrarily termed "IR2" to distinguish it from IRl 
mentioned in the previous paragraph) juxtaposed in such a manner that IR2 occurs 
at the distal end of the REP2 ORF, without any intervening coding sequence, for 
example as seen in the 2pm plasmid. By "distal end" in this context we mean the 
end of the REP2 ORF opposite to the end from which the promoter initiates its 
transcription 

In one embodiment, the ORFs encoding REP2 and FLP may be present on the 
same region of the two regions defined between the inverted repeats of the 2 pm- 
family plasmid, which region may be the bigger or smaller of the regions (if there 
is any inequality in size between the two regions). 

In one embodiment the ORFs encoding RJEP2 and FLP ma} 7 be transcribed from 
divergent promoters. 

T3'pically, the regions defined between the inverted repeats (e.g. such as defined 
as UL and US in the 2pm plasmid) of a 2pm-family plasmid ma}' comprise not- 
more than two endogenous genes that encode a protein that functions in the stable 
maintenance of the 2pm-family plasmid as a niulticop}' plasmid. Thus iu a 
preferred embodiment one region of the plasmid defined between the inverted 
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repeats may comprise not more than the ORFs encoding FLP and REP2; FLP and 
REP1; or REP1 and REP2, as endogenous coding sequence. 

A 2pm-family plasmid typically comprises an origin of replication (also known as 
5 an "autonomously replicating sequence - "ARS"), which is typically bidirectional. 
Any appropriate ARS sequence can be present. Consensus sequences typical of 
yeast chromosomal origins of replication may be appropriate (Broach et al, 1982, 
Cold Spring Harbor Symp. Quant Biol, 47, 1165-1174; Williamson, Yeast, 1985, 
1, 1-14). Preferred AJRJSs include those isolated from pSRl, pSBl, pSB2, pSB3, 
10 pSB4, pSMl, pKDl, pPMl and the 2pm plasmid. 



Thus, a preferred 2p.m-family plasmid may comprise ORFs encoding FLP, REP1 
and REP2, two inverted repeat sequences each inverted repeat comprising an FRT 
site compatible with the encoded FLP protein, and an ARS sequence. Preferably 
5 the FRT sites are derived from the same 2p,m-family plasmid as the sequence of 
the encoded FLP protein. More preferably the sequences of the encoded REP1 
and REP2 proteins are derived from the same 2f.tm-family plasmid as each other. 
Even more preferably, the FRT sites are derived from the same 2/im-family 
plasmid as the sequence of the encoded FLP, REP1 and REP2 proteins. Yet more 
3 preferably, the sequences of the ORFs encoding FLP, REP1 and REP2, and the 
sequence of the inverted repeats (including the FRT sites) are' derived from the 
same 2pm-family plasmid. Furthermore, the ARS site may be derived from the 
same 2jxm-family plasmid as one or more of the ORFs of FLP, REP1 and REP2 
and the sequence of the inverted repeats (including the FRT sites). 

The term "derived from" includes sequences having an identical sequence to the 
sequence from which they are derived. However/Variants and fragments thereof, 
as defined above, are also included. For example, an FLP gene having a sequence 
derived from the FLP gene of the 2pm plasmid may have a modified promoter or 
other regulatory sequence compared to that of the naturally occurring gene. 

12 
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Additionally or alternatively, an FLP gene having a sequence derived from the 
FLP gene of the 2um plasmid may have a modified nucleotide sequence in the 
open reading frame which may encode the same protein as the naturally occurring 
gene, or may encode a modified FLP protein/ The same considerations apply to 
other sequences on a 2pm-family plasmid having a sequence derived from a 
particular source. 

Optionally, a 2pm-family plasmid may comprise a region derived from the STB 
region (also known as REPS) of the 2pm plasmid, as defined in Vollcert et aL op. 
cit. The STB region in a 2pm-farnily plasmid of the invention may cbmprise two 
or more tandem repeat sequences, such as three,, four, five or more. Alternatively, 
no tandem repeat sequences may be present. The tandem repeats ma}' be any size, 
such as 10, 20, 30, 40, 50, 60 70, 80, 90, 100 bp or more in length. The tandem 
repeats in the STB region of the 2pm plasmid are 62 bp in length. It is not 
essential for the sequences of the tandem repeats to be identical. Slight sequence 
variation can be tolerated. It ma}' be preferable to select an STB region from the 
same plasmid as either or both of the REP1 and REP2 ORFs. The STB region is 
thought to be a cis-acting element and preferabty is not transcribed. 

Optionally, a 2pm-family plasmid may comprise an additional ORP that encodes a 

protein that functioas in the stable maintenance of the 2pm-famil} / plasmid as a 

rnulticop3' plasmid. The additional protein can be designated RAF or D. ORPs 

encoding the RAF or D gene can be seen oru for example, the 2pm plasmid and 

pSMl. Thus a RAF or D ORF can comprise a sequence suitable to encode the 

protein product of the RAF or D gene OPLFs encoded by the 2pm plasmid or 

pSMl, or variants and fragments thereof Thus variants and fragments of the 

protein products of the RAF or D genes of the 2pm plasmid or pSMl are also 

included in the present invention. "Fragments" and "variants" of the protein 

products of the RAF or D genes of the 2pm plasmid or pSMl are those which, 

when encoded by the 2pm plasmid or pSMl in place of the native ORF, do not 
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disrupt the stable multicopy maintenance of the plasmid within a suitable yeast 
population. Such variants and fragments will usually have at least 5%, 10%, 20%, 
30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 98%, 99%, or more, homology with 
the protein product of the RAP or D gene ORFs encoded by the 2pm plasmid or 
5 pSMl. 

A naturally occurring 2p,m-family plasmid may be preferred. A naturally 
occurring 2jmn-family plasmid is any plasmid having the features defined above, 
which plasmid is found to naturally exist in yeast, i.e. has not been recombinant^ 
10 modified to include heterologous sequence. Preferably the naturally occurring 
2p,m-family plasmid is selected from pSRl (Accession No. X02398), pSB3 
(Accession No. X02608) or pSB4 as obtained from Zygosaccharomyces roiccii, 
pSBl or pSB2 (Accession No. NCJ)02055 or Ml 8274) both as obtained from 
Zygosaccharomyces baillU pSMl (Accession No. NC_002054) as obtained from 
15 Zygosaccharomyces fermentati, pKDl (Accession No. X03961) as obtained from 
Kluyveromyces drosophilamm, pPMl from Pichia mcmbranaefaciens or, most 
preferably, the 2pm plasmid (Accession No. NC_001398 or JO 1347) as obtained 
from Saccharomyces cerevisiae. Accession numbers in this paragraph refer to 
NCBI deposits. 

20 

The 2p,m plasmid (Figure 1) is a 6,318-bp double-stranded DNA plasmid, 
endogenous in most Saccharomyces cerevisiae strains at 60-100 copies per '. 
haploid genome. The 2\xm plasmid comprises a small unique (US) region and a 
large unique (UL) region, separated by two 599-bp inverted repeat sequences. 
25 Site-specific recombination of the inverted repeat sequences results in inter- 
conversion between the A-fonn and B-form of the plasmid in vivo (Vollcert & 
Broach, 1986, Cell, 46, 541). The two forms of 2/im differ only in the relative 
orientation of their unique regions. 
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While DNA sequencing of a cloned 2pm plasrnid (also known as Sep] ) from 
Saccharomyces ccrcvisiac gave a size of 6,318-bp (Hartley and Donelson. 1980, 
Nature, 286, 860), other slightly smaller variants of 2pm ; Scp2 and Scp3 ; are 
known to exist as a result of small deletions of 125-bp and 220-bp, respective] y, in 
a region known as STB (Cameron et al, 1977, Nucl Acids Res., 4, 1429: Kjlcuchi, 
1983, Cell 35, 487 and Livingston & Hahne, 1979, Proc. Natl Acad. ScL USA, 
76, 3727). In one study about 80% of natural Saccharomyces strains from around 
the world contained DNA homologous to 2p.m (by Southern blot analysis) 
(Hollenberg, 1982, Current Topics in Microbiology and Immunobiology>, 96, 119). 
Furthermore, variation (genetic polymorphism) occurs within the natural 
population of 2pm plasmids found in S. cerevisiae and S. carlsbergerisis, with the 
NCBI sequence (accession number NC_001398) being one example. 

The 2pm plasrnid has a nuclear localisation and display's a high level of mitotic 
stability (Mead et al y 1986, Molecular & General Genetics, 205, 417). The 
inherent stability, of the 2pm plasrnid results from a plasmid-encoded cop}' - 
number amplification and partitioning mechanism, which can be compromised 
during the development of chimeric vectors (Futcher & Cox, 1984, J. Bacteriol.. 
157, 283; Bachmair & Ruis, 1984, Monatshefie fiir Chemie, 115, 1229). A yeast 

■ 

strain, which contains a 2pm plasrnid is known as [cir" 1 "], while a yeast strain 
which does not contain a 2pm plasrnid is known as [cir 0 ]. 

The US-region of the 2pm plasrnid contains the REP2 and FLP genes, and the 
UL-region contains the REP1 and D (also known as RAF) genes, the iSTB-locus 
and the origin of replication (Broach & Hicks, 1980, Cell, 21, 501; Sutton & 
Broach, 1985, Mol Cell Biol, 5, 2770). The Flp recombinase binds to FRT-sites 
(Flp Recognition Target) within the inverted repeats to mediate site-specific 
recombination, which is essential for natural plasrnid amplification and control of 
plasrnid copy number in vivo (Senecoff et al y 1985, Proc. Natl Acad. ScL U.S.A., 
82, 7270; Jayaram, 1985, Proc. Natl Acad. ScL USA., 82, 5875). The copy 
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number of 2jim-family plasmids can be significantly affected by changes in Fip 
recombinase activity (Sleep et al, 2001, Yeast, 18, 403; Rose & Broach, 1990, 
Methods Enzymol, 185, 234). The Repl and Rep2 proteins mediate plasmid 
segregation, although their mode of action is unclear (Sengupta et al, 2001, J, 
Bacteriol, 183, 2306). They also repress transcription of the FLP gene (Reynolds 
eta!, 1987, MoL Cell Biol, 7,3566). 

The FLP and JRJSP2 genes of the 2p,m plasmid are transcribed from divergent 
promoters, with apparently no intervening sequence defined between them. The 
FLP and REP2 transcripts both terminate at the same sequence motifs within the 
inverted repeat sequences, at 24-bp and 178-bp respectively after their translation 
termination codons (Sutton & Broach, 1985, MoL Cell Biol, 5, 2770). 

In the case of FLP, the C-terminai coding sequence also lies within the inverted 
repeat sequence. Furthermore, the two inverted repeat sequences are highly 
conserved over 599-bp, a feature considered advantageous to efficient plasmid 
replication and amplification in vivo, although only the FRT-sites (less than 65- 
bp) are essential for site-specific recombination in vitro (Senecoff et al, 1985, 
Proc. Natl Acad. Set U.S.A., 82, 7270; Jayaram, 1985, Proc. Natl Acad. Set 
U.S.A., 82, 5875; Meyer-Leon et al, 1984, Cold Spring Harbor Symposia On 
Quantitative Biology, 49, 797). The key catalytic residues of Flp are arginine-308 
and tyrosine-343 (which is essential) with strand-cutting facilitated by histidine- 
309 and histidine 345 (Prasad et al, 1987, Proc. Natl Acad. Set U.S.A., 84, 2189; 
Chen etal, 1992, Cell, 69, 647; Grainge et al, 2001, J. MoL Biol, 314, 717). 

Two functional domains are described in Rep2. Residues 15-58 form a Repl- 
binding domain, and residues 59-296 contain a self-association and STB-binding 
region (Sengupta et al, 2001, J. Bacteriol, 183, 2306). 
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Chimeric or laree deletion mutant derivatives of 2 urn which lack many of the 
essentia] functional regions of the. 2 pm plasmid but retain the functional cis 
element ARS and STB^ cannot effectively partition between mother and daughter 
cells at cell division. Such plasrnids can do so if these functions are supplied in 
trans, by for instance the provision of a functional 2pm plasmid within the host, 
such as a [cir] host. 

Genes of interest have previously been inserted into the UL-region of the 2 p.m. 
plasmid For example, see plasmid pSACSUl in EP 0 286 424 and the plasrxdd 
shown in Figure 2, which includes a p -lactamase gene (for ampicillin resistance), 
a LEU2 selectable marker and an oligonucleotide linker, the latter two of which 
are inserted into a unique SnoBI-site within the UL-region of the 2jjm-like 
disintegration vector, pSAC3 (see EP 0 286 424). The E. coli DNA between the 
Xbal-sites that contains the ampicillin resistance gene is lost from the plasmid 
shewn in Figure 2 after transformation into yeast. This is described in Chinery & 
Hinchliffe, 1989, Curr. Genet, 16, 21 and EP 0 286 424, where these types of 
vectors are designated "disintegration vectors". Further polynucleotide insertions 
can be made in a jVod-siie within a linker (Sleep et al 9 199 k Biotechnolog)> (I\ T Y), 
9, 183). 

Alternative insertion sites in 2 urn plasmid are known in the art, including those 
described in Rose & Broach (1990, Methods EnzymoL, 185, 234-279), such as 
plasrnids pCV19, pCV20, CV ne0 , which utilise an insertion at EcoKL in FLP, 
plasrnids pCV21 5 pGT41 and pYE which utilise EcoKL in D as the insertion site, 
plasmid pHKB52 which utilises Pstl in D as the insertion site, plasmid pJDB248 
which utilises an insertion at Pstl in D and EcoRI in D, plasmid pJDB219 in 
which Pstl in D and EcoKL in FLP are used as insertion sites, plasmid G18, 
plasmid pABIS which utilises an insertion at Cldl in FLP, plasrnids pGT39 and 
pA3 ? plasrnids pYTll, pYT14 and pYTll-LEU which use M in D as the 
insertion site, and plasmid PTY39 which uses EcoKL in FLP as the insertion site. 
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Other 2pm plasmids include pSAC3 3 pSAC3Ul, pSAC3U2, pSAC300, pSAC310, 
pSAC3Cl, pSAC3PLl, pSAC3SL4, and pSAC3SCl are described in EP 0 286 
424 and Chinery & Hinchliffe (1989, Curr. Genet, 16, 21-25) which also 
described Pstl, Eagl or SnaBI as appropriate 2fj,m insertion sites. Further 2p.m 
plasmids include pAYE255, pAYE316, pAYE443, pAYE522 (Kerry- Williams et 
al, 1998, Yeast, 14, 161-169), pDB2244 (WO 00/44772), andpAYE329 (Sleep et 
al t 2001, Yeast, 18, 403-421). 

In one preferred embodiment, one or more -genes are inserted into a 2pm-family 
plasmid within an untranscribed region around the ARS sequence. For example, 
in the 2(im plasmid obtained from S. cerevisiae, the untranscribed region around 
the ARS sequence extends from end of the D gene to the beginning of ARS 
sequence. Insertion into SnaBI (near the origin of replication sequence ARS) is 
described in Chinery & Hinchliffe, 1989, Curr. Genet., 16, 21-25. The skilled 
person will appreciate that gene insertions can also be made in the untranscribed 
region at neighbouring positions to the 'SnaBI site described in Chinery & 
Hinchliffe, 

In another preferred embodiment, REP 2 and FLP genes in a 2pm-family plasmid 
each have an inverted repeat adjacent to them, and one or more genes are inserted 
into a 2pm-family plasmid within the region between the first base after the last 
functional codon of either the REP2 gene or the FLP gene and the last base before 
the FRT site in the inverted repeat adjacent to said gene. The last functional 
codon of either a REP 2 gene or a FLP gene is the codon in the open reading frame 
of the gene that is furthest downstream from the promoter of the gene whose 
replacement by a stop codon will lead to an unacceptable loss of multicopy 
stability of the plasmid, as defined herein. Thus, disruption of the REP2 or FLP 
genes at any point downstream of the last functional codon in either gene, by 
insertion of a polynucleotide sequence insertion, deletion or substitution will not 
lead to an unacceptable loss of multicopy stability of the plasmid. 
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For example, the Ii£,P2 gene of the 2um plasmid can be dismpted after codon 59 
and that the FLP gene of the 2pm plasmid can be dismpted after codon 344, each, 
without a loss of multicopy stability of the plasmid. The last functional codon in 
equivalent genes in other 2pn-i-famity plasmids can be determined routinely hy 
making mutants of the plasmids hi either the FLP or REP2 genes and following 
the tests set out herein to determine whether the plasmid retains multicop}' 
stability. 

One can determined whether a plasmid retains multicop}' stability using test such 
as defined in Chineiy & Hinchliffe (1989, Curr. Genet, 16, 21-25). For yeast that 
do not grow in the non-selective media (YPD, also designated YEPD) defined in 
Chinery & Hinchliffe (1989, Curr. Genet, 16, 21-25) other appropriate non- 
selective media might be used. Plasmid stability may be defined as the percentage 
cells remaining prototrophic for the selectable marker after a defined number of ■ 
generations. The number of generations will "preferabty be sufficient to show a 
difference between a control plasmid, such as pSAC35 or pSAC310, or to shown 
comparable stability to such a control plasmid. The number of generations may 
be 1,2,3,4, 5, 6,1 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20, 25, 30, 35, 40, 
45, 50, 60, 70, 80, 90, 100 or more. Higher numbers are preferred. The 
acceptable plasmid stability might be 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 
25%, 30%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 
99%, 99.9% or substantially 100%. Higher percentages are preferred. The skilled 
person will appreciate that, even though a plasmid may have a stability less than 
100% when grown on non-selective media, that plasmid can still be of use when 
cultured in selective media. For example plasmid pDB271 1 as described in the 
examples is only 10% stable when the stability is determined accordingly to test of 
"Example 1, but provides a 15-fold increase in recombinant transferrin productivity 
in shake flask culture under selective growth conditions. 
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Thus one or more gene insertions may occur between the first base after the last 
functional codon of the REP 2 gene and the last base before the FRT site in an 
inverted repeat adjacent to said gene, more preferably between the first base of the 
inverted repeat and the last base before the FRT site, even more preferably at a 
position after the translation termination codon of the REP2 gene and before the 
last base before the FRT site. 



Additionally or alternatively one or more gene insertions may occur between the 
first base after the last functional codon of the FLP gene and the last base before 
10 the FRT site in an inverted repeat adjacent to said gene, preferably between the 
first base of the inverted repeat and the last base before the FRT site, more 
preferably between the first base after the end of the FLP coding sequence and the 
last base before the FRT site, such as at the first base after the end of the FLP 
coding sequence. 

15 

In one preferred embodiment, where the 2p.m-farnUy plasmid is based on. the 2pm 
plasmid of S. cerevisiae, it is a disintegration vector as known in the art (for 
example, see EP 286 424, the contents of which are incorporated herein by 
reference). A disintegration vector may be a 2(jm plasmid vector comprising a 
20 DNA sequence which is intended to be lost by recombination, three 2pm FRT 
sites, of which one pair of sites is in direct orientation and the other two pairs are 
in indirect orientation, and a DNA sequence of interest (such as an R coli origin 
of replication and bacterial selectable marker), the said sequence to be lost being 
located between the said sites which are in direct orientation. 



Thus, the sequence to be lost may comprise a selectable marker DNA sequence. 



A preferred disintegration vector comprises a complete 2p.m plasmid additionally 
carrying (i) a bacterial plasmid DNA sequence necessary for propagation of the 
30. vector in a bacterial host; (ii) an extra 2pm FRT site; and a selectable marker 
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DNA sequence for yeasi transformation; the said bacterial plasmid DNA sequence 
being present and the. extra FRT site being created at a restriction site., such as 
XbaL in one of the two inverted repeat sequences of the 2pm plasmid, the said 
extra FRT site being in direct orientation in relation to the endogenous FRT site of 
the said one repeat sequence, and the bacterial plasmid DNA sequence being 
sandwiched between the extra FRT site and the endogenous FRT site of the said 
one repeat sequence. In a preferred disintegration vector, all bacterial plasmid 
DNA sequences are sandAviched as said. A particularly preferred 2 urn plasmid 
vector has substantially the configuration of pSAC3 as shown in EP 286 424. 

The term "disintegration vector" as used herein also includes plasmids as defined 
in US 6,451,559, the contents of which are incorporated herein by reference. Thus 
a disintegration vector may be a 2um vector that, other than DNA sequence 
encoding non-yeast polypeptides, contains no bacterial (particularly E. coli) origin 
of replication, or more preferably no bacterial (particularly E. coli) sequence and 

* 

preferably all DNA in said vector, other than DNA sequence encoding non-yeast 
polypeptides, is yeast-derived DNA. 

The term "chaperone" as used herein refers to a protein that binds to and stabilises 
an otherwise unstable conforrner of another protein, and by controlled binding and 
release, facilitates its correct fate in vivo, be it folding, oligomeric assembly, 
transport to a particular subcellular compartment, or disposal by degradation. 
Accordingly a chaperone is also a protein that is involved in protein folding, or 
which has chaperone activity or is involved in the unfolded protein response. 
Chaperone proteins of this type are known in the art, for example in the Stanford 
Genome Database (SGD), http:://db.yeastgenome.org. Preferred chaperones are 
eulcaryotic chaperones, especially preferred chaperones are yeast chaperones, 
including^;, CCT2, CCT3, CCT4, CCT5, CCT6, CCT7, CCT8, CNSJ, CPR3, 
CPR6, EROl EUG1, FMOh HCHL HSPW, HSP1 2, HSP104, HSP26, HSPSO, 
HSP42, HSP60, HSP78, HSP82, JEM1, PIDJ1, A4DJ2, MPD1, MPD2, PDI1, 
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PFD1, ABC1 3 APJ1, ATP 11, ATP 12, BTT1, CDC37, CPR7, HSC82, KAR2, LHS1, 
MGE1, MRS11, NOB J, ECM10, SSA1, SSA2, SSA3, SSA4, SSC1, SSE2, SILl, 
SLS1, ORM1, ORM2, PERI, PTC2 t PSE1, UBI4 and HAC1 or a truncated 
intronless HAC1 (Valkonen et ah 2003, Applied Environ. Micro., 69, 2065) 

A chaperone useful in the practice of the present invention may be: 

• a heat shock protein, such as a protein that is a member of the hsp70 
family of proteins (including Kar2p, SSA and SSB proteins, for example 
proteins encoded by SSA1, SSA2, SSA3, SSA 4, SSB1 and SSB2\ a protein 
that is a member of the HSP90-family, or a protein that is a member of 
the HSP40-family or proteins involved in their modulation (e.g. 
Sillp), including DNA-J and DNA-J-like proteins (e.g. Jemlp, 
Mdj2p); 

a protein that is a member of the karyopherin/impoitin family of proteins, 
such as the alpha or beta families of karyopherm/importin proteins, for 
example the karyopherin beta protein PSE1 ; 

a protein that is a member of the ORMDL family described by Hjelmqvist 
et al, 2002, Genome Biology, 3(6), research0027. 1-0027. 16, such as 
Onn2p. 

a protein that, is naturally located in the endoplasmic reticulum or 
elsewhere in the secretory pathway, such as the golgi. For example, a 
protein that naturally acts in the lumen of the endoplasmic reticulum (ER), 
particularly in secretory cells, such as PDI 
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a protein thai is transmembrane protein anchored in the ER, such as a 
member of the OEMDL family described by Hjelmqvist ef al 9 2002, supra, 
(for example, Oim2p); 

a protein thai acts in the cytosol, such as the hsp70 proteins, including SSA 
and SSB proteins, for example protein production SSA1, SSA2, SSA3, 
SSA 4, SSB J and SSB 2; 

a protein that acts in the nucleus, the nuclear envelope and/or the 
cytoplasm, such as Pselp; 



a protein that is essential to the viability of the cell such as PDI or an 
essential lcaryopherin protein, such as Pselp; 

a protein that is involved in sulphydryl oxidation or disulphide bond 
formation, breakage or isomerizatiom or a protein that catalyses 
thiohdisuiphide interchange reactions hi proteins, particularly during the 
biosynthesis of secretory and cell surface proteins, such as protein 
disulphide isomerases (e.g. Pdilp, Mpdlp), homologues (e.g. Euglp) 
and/or related proteins (e.g. Mpd2p, Fmolp, Erolp); 

a protein that is involved in protein S3mthesis, assembly or folding, such as 
PDI and Ssalp; 

a protein that binds preferentially or exclusively to unfolded, rather than 
mature protein, such as the lisp 70 proteins, including SSA and SSB 
proteins, for example proteins encoded by SSA1, SSA2, SSA3, SSA4 } SSB J 
and SSB2; 
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a protein that prevents aggregation of precursor proteins in the cytosoL, 
such as the hsp70 proteins, including SSA and SSB proteins, for example 
proteins encoded by SSA1, SSA2, SSA3, SSA4, SSB1 and SSB2; 



a protein that binds to and stabilises damaged proteins, for example Ssalp; 

a protein that is involved in the unfolded protein response or provides 
for increased resistance to agents (such as tunicamycin and dithiothreitol) 
that induce the unfolded protein response, such as a member of the 
ORMDL family described by Hjelmqvist et al, 2002, supra (for example, 
Orm2p) or proteins involved in the response to stress (e.g. Ubi4p); 

a protein that is a co-chaperone and/or a protein indirectly involved 
in protein folding and/or the unfolded protein response (e.g. 
hspl04p, Mdjlp); 



a protein that is involved in the nucleocytoplasmic transport of 
macro molecules, such as Pselp; 



a protein that mediates the transport of macromolecules across the nuclear 
membrane by recognising nuclear location sequences and nuclear export 
sequences and interacting with the nuclear pore complex, such as PSE1; 



a protein that is able to reactivate ribonuclease activity against RNA of 
scrambled ribonuclease as described in as described in EP 0 746 611 and 
Hillson et al, 1984, Methods EnzymoL, 107, 281-292, such as PDI; 



a protein that has an acidic pi (for example. 4.0-4.5), such as PDI* 
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a protein that is a member of tlie Hsp70 family, and preferably possesses 
an N-teiminal ATP -binding domain and a C-terminal pepti de-binding 
domain, such as Ssalp. 

a protein that is a peptidyl -prolyl cis-trans isomerases (e.g. Cpr3p. 
Cpr6p): 

a protein that is a homologue of known chaperones (e.g. H'splOp); 

a protein that is a mitochondrial chaperone (e.g Cpr3p); 

a protein that is a cytoplasmic or nuclear chaperone (e.g Cns lp); 

a protein that is a membrane-bound chaperone (e.g. 0rm2p, Fmolp); 

a protein that has chaperone activator activity or chaperone regulator}' 
activity (e.g. Ahalp, Haclp, Hchlp); 

a protein that transiently binds to polypeptides in their immature form 
to cause proper folding transportation and/or secretion, including 
proteins required for efficient translocation into the endoplasmic 
reticulum (e.g. Lhslp) or their site of action within the cell (e.g. 
Pselp); 

a protein that is a involved in protein complex assembly and/or 
ribosome assembly (e.g. Atpl lp ? Pselp, Noblp); 

a protein of the chaperonin T-complex (e.g. Cct2p); or 
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a protein of the prefoldin complex (e.g. Pfdlp). 



A preferred chaperone is protein disulphide isomerase (PDI) or a fragment or 
variant thereof having an equivalent ability to catalyse the formation of disulphide 
bonds within the lumen of the endoplasmic reticulum (ER). By "PDI" we include 
any protein having the ability to reactivate the ribonuclease activity against RNA 
of scrambled ribonuclease as described in EP 0 746 611 and Hillson et al, 1984 
Methods Enzymol., 107, 281-292. 

PDI is an enzyme which typically catalyzes thiohdisuiphide interchange reactions, 
and is a major resident protein component of the ER lumen in secretory cells. A 
body of evidence suggests that it plays a role in secretory protein biosynthesis 
(Freedman, 1984, Trends Biochem. Set, 9, 438-41) and this is supported by direct 
cross-linking studies in situ (Roth and Pierce, 1987, Biochemistry, 26, 4179-82). 
The finding that microsomal membranes deficient in PDI show a specific defect in 
cotranslational protein disulphide (Buileid and Freedman, 1988, Nature, 335, 649- 
51) implies that the enzyme functions as a catalyst of native disulphide bond 
formation during the biosynthesis of secretory and cell surface proteins. This role 
is consistent with what is known of the enzyme's catalytic properties in vifro; it 
catalyzes thiol: disulphide interchange reactions leading to net protein disulphide 
formation, breakage or isomerization, and can typically catalyze protein folding 
and the formation of native disulphide bonds in a wide variety of reduced, 
unfolded protein substrates (Freedman et al., 1989, Biochem. Soc. Symp., 55, 167- 
192). PDI also functions as a chaperone since mutant PDI lacking isomerase 
activity accelerates protein folding (Hayano et al, 1995, FEBS Letters, 377, 505- 
511). Recently, sulphydryl oxidation, not disulphide isomerisation was reported 
to be the principal function of Protein Disulphide Isomerase in S. cerevisiae 
(Solovyov et al., 2004, J. Biol. Chem, 279 (33) 34095-34100). The DNA and 
amino acid sequence of the enzyme is known for several species (Scherens et al, 
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1991, Yeast, 7, 185-193; Farquhar a al 1991, Gene, 108, 81-89; EP074661: 
EP0293793; EP0509841) and there is increasing information on the mechanism of 
action of the enzyme purified to homogeneity from mammalian liver (Creighton et 
al 1980, J. Mot Biol, 142, 43-62: Freedman et al 1988, Biochem. Soc. Trans., 
5 16, 96-9; Gilbert, 1989, Biochemistry, 28, 7298-7305; Lundstrom and Holmgren, 
1990, J. Biol Chem, 265, 9114-9120: Hawlcins and Freedman, 1990, Biochem, J., 
275, 335-339). Of the many protein factors currently implicated as mediators of 
protein folding, assembly and translocation in the cell (Rothman, 1989, Cell 59, 
591-601 ), PDI has a well-defined cata^ic activity. 

10 

The deletion or inactivation of the endogenous PDI gene in a host results in the 
production of an ruviable host. In other words, the endogenous PDI gene is an 
"essential" gene. 

15 PDI is readily isolaied from mammalian tissues and the homogeneous enzyme is a 
homodimer (2x57 kD) with characteristically acidic pi (4.0-4.5) (Hillson et al 
1984, op. cit). The enzyme has also been purified from wheat and from the alga 
Chlamydomonas reinhardii (Kaska et al, 1990, Biochem, J., 26S, 63-68), rat 
(Edrnan et al, 1985, Nature, 317, 267-270), bovine (Yamauchi et al, 1987, 

20 Biochem. Biophys. Res. Comm., 146, 1485-1492), human (Piilajaniemi et al 
1987, EPfiiO J. 9 6, 643-9), yeast (Scherens et al, supra; Farquhar et al, op. cit.) 
and chick (Parkkoaen et al, 1988, Biochem. J., 256, 1005-1011). The proteins 
from these vertebrate species show a high degree of sequence conservation 
throughout and all show several overall features first noted in the rat PDI sequence 
25 (Edman et al, 1985, op. cit). 

Preferred PDI sequences include those from humans and those from yeast species, 
such as S. cerevisiae. 
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A yeast protein disulphide isomerase precursor, PDI1, can be found as Genbank 
accession no. CAA42373 or BAA00723. It has the following sequence of 522 
amino acids: 



5 1 mkfsagavls wsslllassv faqqeavape 
61 cghcknmape yvkaaetlve icnitlaqidc 
121 dyegprtaea ivqfmikqsq pavawadlp 
181 ankhfndydf vsaenadddf klsiylpsam 
241 fgeidgsvfa qyvesglplg ylfyndeeel 
10 301 hagnlnmkeq fplfaihdmt edlkyglpql 

3 61 aspivksqei fenqdssvfq lvgknhdeiv 

4 21 dtyanatsdv liakldhten dvrgvviegy 
4 81 kenghfdvdg kalyeeaqek aaeeadadae 



dsavvklatd sfneyigshd lvlaeffapw 
tenqdlcmeh nipgfpslki fknsdvnnsi 
aylanetfvt pvivqsgkid adfnatfysm 
depvvyngkk adiadadvfe kwlqvealpy 
eeykplftel akknrglmnf vsidarkfgr 
seeafdelsd kivleskaie slvkdflkgd 
ndpkkdvlvl yyapwcghck rlaptyqela 
ptivlypggk ksesvvyqgs rsldslfdfi 
ladeedaihd el 



15 An alternative yeast protein disulphide isomerase sequence can be found as 
Genbank accession no. CAA3840Z It has the following sequence of 530 amino 
acids 



1 mkfsagavls wsslllassv faqqeavape dsavvklatd sfneyigshd lvlaeffapw 
20 61 cghcknmape yvkaaetlve knitlaqidc tenqdlcmeh nipgfpslki fknrdvnnsi 
121 dyegprtaea ivqfmikqsq pavawadlp aylanetfvt pvivqsgkid adfnatfysm 
181 ankhfndydf vsaenadddf klsiylpsam depvvyngkk adiadadvfe kwlqvealpy 
241 fgeidgsvfa qyvesglplg ylfyndeeel eeykplftel akknrglmnf vsidarkfgr 
301 hagnlnmkeq fplfaihdmt edlkyglpql seeafdelsd kivleskaie slvkdflkgd 
25 3 61 aspivksqei fenqdssvfq lvgknhdeiv ndpkkdvlvl yyapwcghck rlaptyqela 
4 21 dtyanatsdv liakldhten dvrgvviegy ptivlypggk ksesvvyqgs rsldslfdfi 
481 kenghfdvdg kalyeeaqek aaeeaeadae aeadadaela deedaihdel 

The following alignment of these sequences (the sequence of Genbank accession 
30 no. CAA42373 or BAA00723 first, the sequence of Genbank accession no. 
CAA38402 second) shows that the differences between these two sequences are a 
single amino acid difference at position 114 (highlighted in bold) and that the 
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sequence defined by Genbanl: accession no. CAA3S402 contains the additional 
amino acids EADAEAEA at positions 506-513. 

1 mkfsaqavis wsslliassv fagqeavape dsavvklatd sfneyigshd Ivlaeffapw 
1 m):f sagavls wsslllassv faqqeavape dsawklatd sfneyigshid Iviaef fapw 

61 cghcknmape ^iiaaetlve ):ni tlaqidc tenqdlcmeh nipgf pslki flznsdvnnsi 
61 cghcknmape yvkaaetlve knitlagidc tenqdlcmeh nipgfpslki f knrdxmnsi 

121 dyegprtaea ivgfmikqsq pavavvadlp aylanetfvt pvivqsgkid adfnatfysm 
181 dyegprtaea ivqfmikgsg pavavvadlp aylanetfvt pvivgsgkid adfnatfysm 

161 ankhfndydf vsaenadddf klsiylpsam depwyngkk adiadadvf e kwlq\?ealpy 
181 ankhfndydf vsaenadddf klsiylpsam depwyngkk adiadadvfe kwlqvealpy 

241 fgeidgsvfa qyvesglplg ylfyndeeel eeykplffel akknrglirmf vsidarkfgr 

> 

241 fgeidgsvfa qyvesglplg ylfyndeeel eeykplftel akknrglirmf vsidarkfgr 

301 hagnlnirikeq iplfaihdmt edlkyglpql seeafdelsd kivleskaie slvkdflkgd 
301 hagnlnmkeq iplfaihdmt edlkyglpql seeafdelsd kivleskaie slvkdflkgd 

3 61 aspivksqei fenqdssvfq Ivgknhdeiv -ndpkkdvlvl yyapwcghck riaptyqela 
361 aspivksqei fenqdssvfq Ivgknhdeiv ndpkkdvlvl yyapwcghck riaptyqela 

4 21 dtyanatsdv liakldhten dvrgvviegy ptivlypggk kseswyqgs rsldslfdfi 
421 dtyanatsdv liakldhten dvrgvviegy ptivlypggk kseswyqgs rsldslfdfi 

4 81 kenghfdvdg kalyeeaqek aaeea + *** + ***dadaela deedaihdel 
4 81 kenghfdvdg kalyeeaqek aaeeaeadae aeadadaela deedaihdel 

Variants and fragments of the above PDI sequences, and variants of other naturall}' 
occuning PDI sequences are also included in the present invention. A c; vaxianf \ in 
the context of PDI refers to a protein wherein at one or more positions there have 
been amino acid insertions, deletions, or substitutions, either conservative or non- 
conservative, provided that such changes result in a protein whose basic properties. 
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for example enzymatic activity (type of and specific activity), thermostability, 
activity in a certain pH-range (pH-stability) have not significantly been changed. 
"Significantly" in this context means that one skilled in the art would say that the 
properties of the variant may still be different but would not be unobvious over the 
ones of the original protein. 

By "conservative substitutions" is intended combinations such as Val, lie, Leu, Ala, 
Met; Asp, Glu; Asn, Gin; Ser, Thr, Gly, Ala; Lys, Arg, His; and Phe, Tyr, Tip. 
Preferred conservative substitutions include Gly, Ala; Val, lie, Leu; Asp, Glu; Asn, 
Gin; Ser, Thr; Lys, Arg; and Phe, Tyr. 

A "variant" typically has at least 25%, at least 50%, at least 60% or at least 70%, 
preferably at least 80%,. more preferably at least 90%, even more preferably at least 
95%, yet more preferably at least 99%, most preferably at least 99.5% sequence 
identity to the polypeptide from which it is derived. 

The percent sequence identity between two polypeptides may be determined using 
suitable computer programs, as discussed below. Such variants may be natural or 
. made using the methods of protein engineering and site-directed mutagenesis as are 
well known in the art. 

* 

A "fragment", in the context of PDI, refers to a protein wherein at one or more 
positions there have been deletions. Thus the fragment may comprise at most 5, 10, 

■ 

20, 30, 40 or 50%, typically up to 60%, more typically up to 70%, preferably up to 
80%, more preferably up to 90%, even more preferably up to 95%, yet more 
preferably up to 99% of the complete sequence of the full mature PDI protein. 
Particularly preferred fragments of PDI protein comprise one or more whole 
domains of the desired protein. 



A fragment or variant of PDI may be a protein that, when expressed 

recombinantly in a host cell, can complement the deletion of the endogenously 
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encoded PDI gene in the host cell, such as S. cerevisiae : and may. for example, be 
a naturally occurring homolog of PDI, such as a homolog encoded by another 
organism, such as another yeast or other fungi, or another eukaryote such as a 
human or other vertebrate, or animal or by a plant. 



Another preferred chaperone is SSAl or a fragment or variant thereof having an 
equivalent chaperone-like activity. SSAl, also known as YG100. is located on 
chromosome I of the 5. cerevisiae genome and is 1.934cbp in size. 

One published protein sequence of SSAl is as follows: 



MSKAVGI DLG TT YSCVAH FAN DRVDI I ANDQGNRTT P S FVAFT DT ERX,I G DAAKW QAAMN 
PS W T VFDAICRL I GRW FN D ?E VQ ADMKH FP FKLI D VDG KP Q I Q VE FKGE TKN FTP E Q I S SM 
VLGKMKETAES YLGAKVW DA WT VP AYFNDS QRQATKDAG T I AGLN VLP.I I WE PTAAAZA 
YGLDKKGf^EHVLIFDLGGGTFDVSLLFIEDGIFEVK^TAGDTKLGGEDFDNIli^HFIO 
EFKRiCNKTODLS TNQFlALRPJLPvTACE RAKRTLS S S AOT S VEI DSLFEG1DFYTS ITRAP.FE 
ELCADLFPvSTLDPVET~vT J P.DAKLDKSQ\n3E IVLVGGS TRI PBr^QKLVTDYFWGKEPNPJBI 
NPDEAJVAYGAAVQAAILTGDESSKTQDLLLLDVAPLSLG I ETAGGVMTf CLI PRN5TI S TK 
KFE I FS T YADNQPGVLI QVFEGERAKTKDNNLLG KFELS G I P PAPRG VPQI E VT FD V DSN 
G ILNVS AVEKGTGKS UKI TI TNDKGR.LS KE D I EIQ v Fv AEAEKFKEE DEKE S QRI ASKNQLE 
S IAY S LKN T I SE AG DKLEQADKDT VTPCPCAEE T I S I'TL D 5 WT T AS KE E FD Df rL KELQ DI AN P 
IMS KL Y QAGG APGGAAGGAPGG FPGG AP PAPEAEG FT VE E V D 

A pubhshed coding sequence for SSAl is as follows, although it will be 
appreciated that the sequence can be modified by degenerate substitutions to 
obtain alternative nucleotide sequences which encode an identical protein product: 



ATGTC/^AAAGCTGTCGGTATTGATTTAGGTACAACATACTCGTGTGTTGCTCACTTTGCT 

AATGATCG TG TGGACATT AT T G CCAACGAT CAAGGTAAC AG AAC C ACTCCAT CTTTTGTC 

GCTTTCACTGACACTGAAAGATTGATTGGTGATGCTGCTAAGAATCAAGCTGCTATGAAT- 

CCTTCGAATACCGTTTTCGACGCTAAGCGTTTGATCGGTAGAAACTTCAACGACCCAGAA 

GTGCAGGCTGACATGAAGCACTTCCCATTCAAGTTGATCGATGTTGACGGTAAGCCTCAA 

ATTCAAGTTGAATTTAAGGGTGAAACCAAGAACTTTACCCCAGA^CAAATCTCCTCCATG 

GTCTTGGGTAAGATGAAGGAAACTGCCGAATCTTACTTGGGAGCCAAGGTCAATGACGCT 
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GTCGTCACTGTCCCAGCTTACTTCAACGATTCTCAAAGACAAGCTACCAAGGATGCTGGT 

ACCATTGCTGGTTTGAATGTCTTGCGTATTATTAACGAACCTACCGCCGCTGCCATTGCT 

TACGGTTTGGACAAGAAGGGTAAGGAAGAACACGTCTTGATTTTCGACTTGGGTGGTGGT 

ACTTTCGATGTCTCTTTGTTGTTCATTGAAGACGGTATCTTTGAAGTTAAGGCCACCGCT 

GGTGACACCCATTTGGGTGGTGAAGATTTTGACAACAGATTGGTCAACCACTTCATCCAA 

GAATTCAAGAGAAAGAACAAGAAGGACTTGTCTACCAACCAAAGAGCTTTGAGAAGATTA 

AGAACCGCTTGTGAAAGAGCCAAGAGAACTTTGTCTTCCTCCGCTCAAACTTCCGTTGAA 

ATTGACTCTTTGTTCGAAGGTATCGATTTCTACACTTCCATCACCAGAGCCAGATTCGAA 

GAATTGTGTGCTGACTTGTTCAGATCTACTTTGGACCCAGTTGAAAAGGTCTTGAGAGAT . 

GCTAAATTGGACAAATCTCAAGTCGATGAAATTGTCTTGGTCGGTGGTTCTACCAGAATT 

CCAAAGGTCCAAAAATTGGTCACTGACTACTTCAACGGTAAGGAACCAAACAGATCTATC 

AACCCAGATGAAGCTGTTGCTTACGGTGCTGCTGTTCAAGCTGCTATTTTGACTGGTGAC " 

GAATCTTCCAAGACTCAAGATCTATTGTTGTTGGATGTCGCTCCATTATCCTTGGGTATT 

GAAACTGCTGGTGGTGTCATGACCAAGTTGATTCCAAGAAACTCTACCATTTCAACAAAG 

AAGTTCGAGATCTTTTCCACTTATGCTGATAACCAACCAGGTGTCTTGATTCAAGTCTTT 

GAAGGTGAAAGAGCCAAGACTAAGGACAACAACTTGTTGGGTAAGTTCGAATTGAGTGGT 

ATTCCACCAGCTCCAAGAGGTGTCCCACAAATTGAAGTCACTTTCGATGTCGACTCTAAC 

GGTATTTTG7\ATGTTTCCGCCGTCGAAAAGGGTACTGGTAAGTCTAACAAGATCACTATT 

ACCAACGACAAGGGTAGATTGTCCAAGGAAGATATCGAAAAGATGGTTGCTGAAGCCGAA 

AAATT CAAGG AAG AAG ATG AAA AGG AATCT C A A AGAAT TGCTT CC A AG AACC AATTG G A A 

TCCATTGCTTACTCTTTGAAGAACACCATTTCTGAAGCTGGTGACAAATTGGAACAAGCT 
GACAAGGACACCGTCACCAAGAAGGCTGAAGAGACTATTTCTTGGTTAGACAGCAACACC 
ACTGCCAGCAAGGAAGAATTCGATGACAAGTTGAAGGAGTTGCAAGACATTGCCAACCCA 
ATCATGTCTAAGTTGTACCAAGCTGGTGGTGCTCCAGGTGGCGCTGCAGGTGGTGCTCCA 
GGCGGTTTCCCAGGTGGTGCTCCTCCAGCTCCAGAGGCTGAAGGTCCAACCGTTGAAGAA 
GTTGATTAA 

The protein Ssalp belongs to the Hsp70 family of proteins and is resident in the 
cytosol. Hsp70s possess the ability to perform a number of chaperone activities; 
aiding protein synthesis, assembly and folding; mediating translocation of 
polypeptides to various intracellular locations, and resolution of protein 
aggregates (Becker & Craig, 1994, Eur. J. Biochem. 219, 11-23). Hsp70 genes 
are highly conserved, possessing an N-tenninal ATP-binding domain and a C- 
terminal peptide-binding domain. Hsp70 proteins interact with the peptide 
backbone of, mainly unfolded, proteins. The binding and release of peptides by 
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bsp70 proteins is an ATP-dependent process and accompanied by a 
conformational change in the lisp 70 (Becker 81 Craig : . 1994, supra). 

Cytosolic hsp70 proteins are particular]}' involved in the synthesis, folding and 
5 secretion of proteins (Becker & Craig, 1994 s supra). In S. cerevisiae cytosolic 
hsp70 proteins have been divided into two groups: SSA (SSA 1-4) and SSB (SSB 
1 and 2) proteins, which are functionally distinct from each other. The SSA 
family is essential in that at least one protein from the group must be active to 
maintain cell viability (Becker & Craig, 1994 3 supra). C^^osolic hsp 70. proteins 
10 bind preferentially to unfolded and not mature proteins. This suggests that the}' 
prevent the aggregation of precursor proteins, by maintaining them in an unfolded 
state prior to being assembled into multimolecular complexes in the cytosol and/or 
facilitating their translocation to various organelles (Becker & Craig, 1994. 
supra). SSA proteins are particularly involved in posttranslational biogenesis and 
5 maintenance of precursors for translocation into the endoplasmic reticulum and 
mitochondria (Kim et aL 9 1998, Proc. Natl Acad Set USA. 95, 12860-12865; 
Ngosuwanef aL2003, J. Biol Chen 278 (9), 7034-7042). Ssalp has been shown 
to bind damaged proteins, stabilising them in a partially unfolded form and 
allowing refolding or degradation to occur (Becker & Craig^ 1994, supra; Glover 
0 & Lindquist, 1998, Cell 94, 73-82). 

Demolder et al, 1994, J. Biotechnol, 32, 179-189 reported that over-expression of 
SSA1 in yeast provided for increases in the expression of a recombinant 
ckrornosomally integrated gene encoding human interferon-p. There is no 
suggestion that increases in heterologous gene expression could be achieved if 
SSA1 and human interferon-p were to be encoded b}' recombinant genes on the 
same plasmid. In fact, in light of more recent developments in the field of over- 
expression of chaperones in yeast (e.g. Robinson et al, 1994, op. cit.; Hayano et. 
al, 1995, op. cit; Shusta et al> 1998, op. cit; Parekh & Wittrup, 1997, op. cit.: Bao 
& Fukuhara, 2001, op. cit; and Bao et al, 2000, op. cit ) the skilled person would 
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have been disinclined to express SS Al from a 2um-family plasmid at ail, much 
less to express both SSA1 and a heterologous protein from a 2/mi-family plasmid 
in order to increase the expression levels of a heterologous protein. 

Variants and fragments of SSA1 are also included in the present invention. A 
"variant", in the context of SSA1, refers to a protein having the sequence of native 
SSA1 other than at one or more positions where mere have been amino acid 
insertions, deletions, or substitutions, either conservative or non-conservative, 
provided that such changes result in a protein whose basic properties, for example 
enzymatic activity (type of and specific activity), thermostability, activity in a certain 
pH-range (pH-stability) have not significantly been changed. "Significantly" in this 
context means that one skilled in the art would say that the properties of the variant 
may still be different but would not be unobvious over the ones of the ori<nnal 
protein. 

By "conservative substitutions" is intended combinations such as Val, He, Leu, AJa, 
Met; Asp, Glu; Asn, Gin; Ser, Thr, GJy, Ala; Lys, Arg, His; and Phe, Tyr, Trp. 
Preferred conservative substitutions include Gly, AJa; Val, He, Leu; Asp, Glu; Asn, 
Gin; Ser, Thr; Lys, Arg; and Phe, Tyr. 

A "variant" of SSA1 typically has at least 25%, at least 50%, at least 60% or at least 
70%, preferably at least 80%, more preferably at least 90%, even more preferably at 
least 95%, yet more preferably at least 99%, most preferably at least 99.5% sequence 
identity to the sequence of native SSA1. 



The percent sequence identity between two polypeptides may be determined using 
suitable computer programs, as discussed below. Such variants may be natural or 
made using the methods of protein engineering and site-directed mutagenesis as are 
well known in the ait 
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A "fragment 5 \ in the context of SSA1. refers to a protein having the sequence, of 
native SSA1 oilier than for at one or more positions where there have been deletions. 
Thus the fragment may comprise at most 5 3 10 : 20 ? 30, 40 or 50% : Typically up to 
60%, more typically up to 70% : preferably up to 80%, more preferably up to 90%, 
■ even more preferably up to 95%, yet more preferably up to 99% of the' complete 
sequence of the full mature SSA1 protein. Particularly preferred fragments of SSA1 
protein comprise one or more whole domains of the desired protein. 

A fragment or variant of SSA1 ma}' be a protein that, when expressed 
recombinant!)/ in a host cell, such as S. cerevisiae. can complement the deletion of 
the endogenously encoded SSA1 gene (or homolog thereof) in the host cell and 
may, for example, be a naturally occurring homolog of SSA1, such as a homolog 
encoded by another organisim such as another yeast or other fungi, or another 
eulcaryote such as a human or other vertebrate, or animal or by a plant. 

Another preferred chaperone is PSE1 or a fragment or variant thereof having 
equivalent chaperone-like activity. 

PSE1, also known as KAP121, is an essential gene, located on chromosome XIII. 
A published protein sequence for the protein pselp is as follows: 

MS AL PEE VNRT LLQI VQAFAS P DNQ I RS VAEKALS EEW I T ENN I E YLLT FL AEQAAFS QD 
TT VAALS AVL FRf CLALKAP P S S KLMI MS KN I T H I RKE VLAQ I R.S S LLKG FLS ERAD S I RH 
ECLS DAI ABC VQDDLPAW PELLQ AL I ES LKS GN PNFRE S S FRI LTTVPYLI TAVD I W S I L P 
I FQSGFTDAS DN VKIAAVTAFVG Y FKQLPKSEWSFCLGI LLPS LLNS LPRFLDDGKD DALA 
SVFESLIELVEL APKL FKDMFDQ I IQFTDMVI KWKDLE P PARTTALELLTVFS ENAPQMC 
KS NQW YGQTL VMVTL I MM T E V S I D DDDAAEW IESDDTDDEEE VT Y D HARQ AL D R VAL PCLG 
GEYLAAPLFQYLQQMITSTEWRERFAAMMALSSAAEGCADVLIGEIPKILDMVIPLINDP 
H PRVQYGCCN VLGQI S T D FS P FI QRTAH DRIL PALI S KL T S ECTS R VQTHAAAAL VN FS E 
FAS KDILEPYXDS LLTNL L VL LQ S NKL Y VQEQ AL T T I A F I AE AAKW K FI K Y Y DTLM PLLL ■ 
NVLKVNNKDNSVLKGKCMECATLI GFAVGKEKFHEHS QEL I S ILVALQNSDIDE DDALRS 
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YliEQSWSRICRILGDDFVPLLPIVIPPLLITAKATQDVGLIEEEEAANFQQYPDWDWOV 

QGECHIAIHTSVLDDECVSAMELLQSYATLLRGQFAVYVKEVMEEIALPSLDFYLHDGVRAA 

GATLIPILLSCLLAATGTQNEELVLLWHKASSKLIGGLMSEPMPEITQVYHNSLVNGIKV 

MGDNCLSEDQLAAFTKGVSAJNLTDTYERMQDRHGDGDEYNENIDEEEDFTDEDLLDEINK 

SIAAVLKTTWGHYLKNLENIWPMINTFLLDWEPILVIFALVVIGDLIQYGGEQTASMKNA 

FIPKVTECLISPDARIRQAASYIIGVCAQYAPSTYADVCIPTLDTLVQIVDFPGSBCLEEN 

RSSTENASAAIAKILYAYNSNIPNVDTYTANWFKTLPTITDKEAASFNYQFLSQLIENNS 

PIVCAQSNISAWDSVIQALNERSLTEREGQTVISSVKKLLGFLPSSDAMAIFNRYPADI 
MEKVHKWFA* 

A published nucleotide coding sequence of PSE1 is as follows, although it will be 
appreciated that the sequence can be modified by degenerate substitutions to 
obtain alternative nucleotide sequences which encode an identical protein product: 

ATGTCTGCTTTACCGGAAGAAGTTAATAGAACATTACTTCAGATTGTCCAGGCGTTTGCT 

TCCCCTGACAATCAAATACGTTCTGTAGCTGAGAAGGCTCTTAGTGAAGAATGGATTACC 
G AAAACAAT AT T G ?\G T AT CT TTT AACT T TT T T G G CT G A AC AAG CCGC TTTCTC CC AAGAT 

ACAACAGTTGCAGCATTATCTGCTGTTCTGTTTAG^\AAATTAGCATTAAAAGCTCCCCCT 

TCTTCGAAGCT TAT GATTATGTCCAAAAATATC AC ACAT ATTAGG AAAGAAGT TCTTGCA 

CAAATTCGTTCTTCATTGTTAAAAGGGTTTTTGTCGGAAAGAGCTGATTCAATTAGGCAC 

AAACTATCTGATGCTATTGCTGAGTGTGTTCAAGACGACTTACCAGCATGGCCAGAATTA 

CTACAAGCTTTAATAGAGTCTTTAAAAAGCGGTAACCCAAATTTTAGAGAATCCAGTTTT 

AGAATTTTGACGACTGTACCTTATTTAATTACCGCTGTTGACATCAACAGTATCTTACCA 

ATTTTTCAATCAGGCTTTACTGATGCAAGTGATAATGTCAAAATTGCTGCAGTTACGGCT 

TTCGTGGGTTATTTTAAGCAACTACCAAAATCTGAGTGGTCCAAGTTAGGTATTTTATTA 

CCAAGTCTTTTGAATAGTTTACCAAGATTTTTAGATGATGGTAAGGACGATGCCCTTGCA 

TCAGTTTTTGAATCGTTAATTGAGTTGGTGGAATTGGCACCAAAACTATTCAAGGATATG 

TTTGACCAAATAATACAATTCACTGATATGGTTATAAAAAATAAGGATTTAGAACCTCCA 

GCAAGAACCACAGCACTCGAACTGCTAACCGTTTTCAGCGAGAACGCTCCCCAAATGTGT 

AAATCGAACCAGAATTACGGGCAAACTTTAGTGATGGTTACTTTAATCATGATGACGGAG 

GTATCCATAGATGATGATGATGCAGCAGAATGGATAGAATCTGACGATACCGATGATGAA 

GAGGAAGTTACATATGACCACGCTCGTCAAGCTCTTGATCGTGTTGCTTTAAAGCTGGGT 

GGTGAATATTTGGCTGCACCATTGTTCCAATATTTACAGCAAATGATCACATCAACCGAA 

TGGAGAGAAAGATTCGCGGCCATGATGGCACTTTCCTCTGCAGCTGAGGGTTGTGCTGAT 

GTTCTGATCGGCGAGATCCCAAAAATCCTGGATATGGTAATTCCCCTCATCAACGATCCT 

CATCCAAGAGTACAGTATGGATGTTGTAATGTTTTGGGTCAAATATCTACTGATTTTTCA 
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CCATTCATTCAAAG^CTGCACArGATAGAATTTTGCCGGCTTTAATATCTAAACTAACG 
T CAGAATGC ACCTCAA3 AG T T CAAACG C ACGCCG C AGCG G CTCTGGTTAACT TTTC T G AA 
T T C G C T T CG AAG GAT AT T C T T GAG C C T TAG T T G GAT AG T C TAT T G A CA AAT? TAT T A G T T 
T TAT TAG AAAGC AACAAACT T TACG T AC AGG AACAGG C C C TAACAAC CAT TGCA.TT T ATT 
G C T G AAG CTGCP AAG AAT A.AAT TT AT C AAG TAT T A C GAT ACT C T AAT G C C AT TAT T AT T A 
AAT G T TTT GA.AG G TT AAC AAT AAAG AJT AAT AG T G T T T T G AAAG G T AAAT G TAT G G A_AT G T 
G CAACTCTGA.T T GGTTTTGC CG TTG G T AAGGAAAAAT T T C ATG A.GC ACT C TC A AG AG C TG 
ATTT CTATATT GGTCGCTTTACAAAACTCAGATATCG AT G AA.G.ATG ATGCGCTC AjG A.T CA 
T ACT T AGAAC AAAGTTGG AG C AGGA^T T TGC C G AAT TCTGGG T G AT GAT TTTGTTCCGTTG 
TTACCGATTGTTATACCACCCCTGCTAJATTACTGCCAAAGCAACGCAAGACGTCGGTTTA 
ATTGAAGAAGAAG AAGGAGC AAATT T CCAAC AATATC CAG AT T GG G ATG TTG T T C AAGTT 
CAGGGT^AAACACATTGCTATTCACACATCCGTCCTTGACGATAAAGTATCAGCAATGGAG 
C T AT TACAAAGCTATGCGAC ACTTTT AAG AGG CCAATTT G CTG TA.TATG TTAAAG AAGTA 
ATGGAAGAAATAGCTCTACCATCGCTTGACTTTTACCTACATGACGGTGTTCGTGCTGCA 
GGAGCAACTTTAATTCCTATTCTATTATCTTGTTTACTTGCAGCCACCGGTACTCAA7LAC 
GAGGAATTGGTATTGTTGTGGCATAAAGCTTCGTCTAAACTAATCGGAGGCTTAATGTCA 
GAACCAATGCCAGAAATCACG«AGTTTATCACAACTCGTTAGTGAATGGTATTAAAGTC 
ATGGGTGACAATTGCTTAAGCGAAGACCAATTAGCGGCATTTACTAAGGGTGTCTCCGCC 
AAC T T AAC TGAC ACTT AC GAAAGGA.T G C AGG ATCGCC AT G G T GA.T G G TG AT G AATAT AAT 
G AAAAT AT TG AT GAAGAG G AAG AC T TT AC T G ACG AAG A.TCT T CT C GAT G AAAT CAAC AAG 
TCTATCGCGGCCGTTTTGAAAACCACAAATGGTCATTATCTAAAGAATTTGGAGAATATA 
"TGGCCTATGATAAACACATTCCTTTTAGATAATGAACCAATTTTAGTCATTTTTGCATTA 
G TAG TG ATTGG TGACTTGATTCAATATGGTGGCGAACAAAC TGCT AG C ATG AAG AAC G CA. 
TTTATTCCAAAGGTTACCGAGTGCTTGATTTCTCCTGACGCTCGTATTCGCCAAGCTGCT 
TCTTATATAATCGGTGTTTGTGCCCAATACGCTCCATCTACATATGCTGACGT TTG CAT At 
CCGACTTTAGATACflCTTGTTCAGATTGTCGATTTTCGAGGCTCCAAACTGGAAG AAAAT 
CGTTCTTCAACAGAGAATGCCAGTGCAGCCATCGCCAAAATTCTTTATGCATACAATTCC 
AACATTCCTAACGTAGAGACGTACACGGCTAATTGGTTCAAAACGTTACCAACAATAACT 
G AC AAAG AAG C T GCCT CAT T CAAC T AT C AAT T T T T GAG T C AA^T T G AT T G AAAAT AAT T C G 
CCAATTGTGTGTGCTCAATCTAATATCTCCGCTGTAGTTGATTCAGTCATACAAGCCTTG 
AATGAGAGAAGTTTGACCGAAAGGGAAGGCCAAACGGTGATAAGTTCAGTTAAAAAGTTG 
TTGGGATTTTTGCCTTCTAGTGATGCTATGGCAATTTTCAATAGATATCCAGCTGAT.ATT 
ATGGAGAAAGTACATAAATGGTTTGCATAA 

The PSE1 gene is 3.25-kbp in size. Pselp is involved in the nucleo cytoplasmic 
transport of macromolecules (Seedorf & Silver, 1997, Proc. Natl. Acad. Sci. USA. 
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94, 8590-8595). This process occurs via the nuclear pore complex (NPC) 
embedded in the nuclear envelope and made up of micleoporins (Ryan & Wente, 
2000, Curr. Opin. Cell Biol. 12,361-371). Proteins possess specific sequences 
that contain the information required for nuclear import, nuclear localisation 
sequence (NLS) and export, nuclear export sequence (NES) (Pemberton et aL 9 
1998, Curr. Opin. Cell Biol. 10, 392-399). Pselp is a karyopherin/importin, a 
group of proteins, which have been divided up into a and J3 families. 
Karyopherins are soluble transport factors that mediate the transport of 
macromolecules across the nuclear membrane by recognising NLS and NES, and 
interact with and the NPC (Seedorf & Silver, 1997, supra; Pemberton et al, 1998, 
supra; Ryan & Wente, 2000, supra). Translocation through the nuclear pore is 
driven by GTP hydrolysis, catalysed by the small GTP-binding protein, Ran 
(Seedorf & Silver, 1997, supra). Pselp has been identified as a karyopherin p. 14 
karyopherin P proteins have been identified in S. cerevisiae, of which only 4 are 
essential This is perhaps because multiple karyopherins may mediate the 
transport of a single macromolecule (Isoyama et aL, 2001, J. Biol Chetn. 276 
(24), 21863-21869). Pselp is localised to the nucleus, at the nuclear envelope, 
and to a certain extent to the cytoplasm. This suggests the protein moves in and 
out of the nucleus as part of its transport function (Seedorf & Stiver, 1997, supra).. 
Pselp is involved in the nuclear import of transcription factors (Isoyama et aL, 
2001, supra; Ueta et ah, 2003, J. Biol Chem. 278 (50), 50120-50127), histones 
(Mosammaparast et al., 2002, J. Biol Chem. 277 (1), 862-868), and ribosomal 
proteins prior to their assembly into ribosomes (Pemberton et aL, 1998, supra). It 
also mediates the export of mRNA from the nucleus. Karyopherins recognise and 
bind distinct NES found on RNA-binding proteins, which coat the RNA before it 
is exported from the nucleus (Seedorf & Silver, 1997, Pemberton et al, 1998, 
supra). 
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As nucleocytoplasnuc transport of macromolecules is essential for proper 
progression through the cell cycle, nuclear transport factors, such as pselp are 
novel candidate targets for growth control (Seedorf & Silver, 1997, supra). 

5 Overexpression of Pselp (protein secretion enhancer) in S. cerevisiae has also 
been shown to increase endogenous protein secretion levels of a repertoire of 
biologically active proteins (Chow et aU 1992; J. Cell. Sci. 101 (3), 709-719). 
There is no suggestion that increases in heterologous gene expression could be 
achieved if PSE1 and a heterologous protein were both to be encoded by 

10 recombinant genes on the same plasmid. In fact, in light of more recent 
developments in the over-expression of chaperones in yeast (e.g. Robinson et al 9 
1994, op. cit; Hayano et al, 1995, op. cit; Shusta et al, 1998, op. cit; Parekh & 
Wittrup, 1997, op. cit.; Bao & Fukuhara, 2001, op. cit; and Bao et al, 2000, op. 
cit ) the skilled person would not have attempted to over-express PSE1 from a 

15 2(im-family plasmid at all, much less to express both PSE1 and a heterologous 
protein from a 2}jni-family plasmid in order to increase the expression levels of a 
heterologous protein. 

Variants and fragments of PSE1 are also included in the present invention. A 
20 '"variant", in the context of PSE1, refers to a protein having the sequence of native 
PSE1 other than for at one or more positions where there have been amino acid 
insertions, deletions, or substitutions, either conservative or non-conservative, 
provided that such changes result in a protein whose basic properties, for example 
enzymatic activity (type of and specific activity), thermostability, activity in a certain 
25 pH-range (pH-stability) have not significantly been changed. "Significantly" in this 
context means that one skilled in the art would say that the properties of the variant 
may still be different but would not be unobvious over the ones of the original 
protein. 
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By "conservative substitutions" is intended combinations such as Vai, He, Leu, Ala, 
Met; Asp, Glu; Asn, Gin; Ser, Thr, Gly, Ala; Lys, Axg, His; and Phe, Tyr, Tip. 
Preferred conservative substitutions include Gly, Ala; Val, He, Leu; Asp, Glu; Asn 
Gin; Ser, Thr; Lys, Arg; and Phe, Tyr. 

A "variant" of PSE1 typically has at least 25%, at least 50%, at least 60% or at least 
70%, preferably at least 80%, more preferably at least 90%, even more preferably at 
least 95%, yet more preferably at least 99%, most preferably at least 99.5% sequence 
identity to the sequence of native PSE 1 . 

The percent sequence identity between two polypeptides may be determined using 
suitable computer programs, as discussed below. Such variants may be natural or 
made using the methods of protein engineering and site-directed mutagenesis as are 
well known in die ait 

A "fragment", in the context of PSE1, refers to a protein having the sequence of 
native PSE1 other than for at one or more positions where there have been deletions. 
Thus die fragment may comprise at most 5, 10, 20, 30, 40 or 50%, typically up to 
60%, more typically up to 70%, preferably up to 80%, more preferably up to 90%, 
even more preferably up to 95%, yet more preferably up to 99% of the complete 
sequence of the full mature PSE1 protein. Particularly preferred fragments of PSE1 
protein comprise one or more whole domains of the desired protein. 

A fragment or variant of PSE1 may be a protein that, when expressed 
recombinantly in a host cell, such as S. cerevisiae, can complement the deletion of 
the endogenous PSE1 gene in the host cell. and may, for example, be a naturally 
occurring homolog of PSE1, such as a homolog encoded by another organism, 
such as another yeast or other fungi, or another eukaryote such as a human or 
other vertebrate, or animal or by a plant. 
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Another preferred chaperone is ORJvI2 or a fragment or variant thereof having 
equivalent chaperone-like activity. 

ORA£2^ also known as YLR350W, is located on chromosome >CH (positions 
828729 to S29379) of the S. cerevisiae genome and encodes an evolutionary 
conserved protein with similarity to the yeast protein Ornilp. Hjeknqvist et al, 
2002, Genome Biology?, 3(6), research 0027.1-0027.16 reports that ORAi2 belongs 
to gene family comprising three human genes (ORMDL1, OPJvfDL2 arid 
ORMDL3) as well as homologs in microsporidia, plants, Drosophila^ 
urochordates and vertebrates. The ORMDL genes are reported to encode 
transmembrane proteins anchored in the proteins endoplasmic reticulum (ER). 

The protein Orm2p is required for resistance to agents that induce the unfolded 
protein response. Hjeknqvist et al 5 2002 (supra) reported that a double knockout 
of the two S. cerevisiae ORMDL homologs (ORh£l and OJR142) leads to a 
decreased growth rate and greater sensitivity to tunicamycin and dithiothreitol. 

One published sequence of Orm2p is as follows: 

MI DRTKWES PAFEESPLTPN VSNLKP FPSQS WKI S T PVTDHRRRRS S S VI S H VEOETFED 
E WDQQMLPNMNATWVDQRG AWL I HIW I VLLRL FYS L FG S TPKWTWT LTNMT Y 1 I GFYI M 
FHLVKG T P FDFNGGAV DNLTMWEQ I N DE Ti Y T P T PJCFLL I VP I V L FL I S N O Y YRW DMT L F 
LSNLAVTVLIGWPKLGITHRLRISIPGITGRAQIS* 

The above protein is encoded in S. cerevisiae by the following coding nucleotide 
sequence, although it will be appreciated that the sequence can be modified by 
degenerate substitutions to obtain alternative nucleotide sequences which encode 
an identical protein product: 

ATGATTGACCGCACTAAAAACGAATCTCCAGCTTTTGAAGAGTCTCCGCTTACCCCCAAT 
GTGTCTAACCTGAAACCATTCCCTTCTCAAAGCAACAAAATATCCACTCCAGTGACCGAC 
CATAGGAGAAGACGGTCATCCAGCGTAATATCACATGTGGAACAGGAAACCTTCGAAGAC 
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GAAAATGACCAGCAGATGCTTCCCAACATGAACGCTACGTGGGTCGACCAGCGAGGCGCG 

TGGTTGATTCATATCGTCGTAATAGTACTCTTGAGGCTCTTCTACTCCTTGTTCGGGTCG 

ACGCCCAAATGGACGTGGACTTTAACAAACATGACCTACATCATCGGATTCTATATCATG 

TTCCACCTTGTCAAAGGTACGCCCTTCGACTTTAACGGTGGTGCGTACGACAACCTGACC 

5 ATGTGGGAGCAGATTAACGATGAGACTTTG.TACACACCCACTAGAAAATTTCTGCTGATT 

GTACCCATTGTGTTGTTCCTGATTAGCAACCAGTACTACCGCAACGACATGACACTAXTC 

CTCTCCAACCTCGCCGTGACGGTGCTTATTGGTGTCGTTCCTAAGCTGGGAATTACGCAT 
AGACTAAGAATATCCATCCCTGGTATTACGGGCCGTGCTCAAATTAGTTAG 

0 Variants and fragments of ORM2 are also included in the present invention A 
"variant", in the context of ORM2, refers to a protein having the sequence of native 
ORM2 other than for at one or more positions where there have been amino acid 
insertions, deletions, or substitutions, either conservative or non-conservative, 
provided that such changes result in a protein whose basic properties, for example' 
enzymatic activity (type of and specific activity), thermostability, activity in a certain 
pH-range (pH-stability) have not significantly been changed. "Significantly" in this 
context means that one skilled in the art would say that the properties of the variant 
may still be different but would not be uuobvious over the ones of the original 
protein. 

By "conservative substitutions" is intended combinations such as Val, He, Leu, Ala 
Met; Asp, Glu; Asn, Gin; Ser, Thr, Gly, Ala; Lys, Arg, His; and Phe, Tyr, Tip.' 
Preferred conservative substimtions include Gly, Ala; Val, lie, Leu; Asp, Glu; Asn, 
Gin; Ser, Thr; Lys, Arg; and Phe, Tyr. 

A "variant" of ORM2 typically has at least 25%, at least 50%, at least 60% or at least 
70%, preferably at least 80%, more preferably at least 90%, even more preferably at 
least 95%, yet more preferably at least 99%, most preferably at least 99.5% sequence 
identity to the sequence of native ORM2. 

The percent sequence identity between two polypeptides may be determined using 
suitable computer programs, as discussed below. Such variants may be natural or 
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made using the methods of protein engineering and site-directed mutagenesis as are 
well known in the ait. 

A 'fragment' in flie context of ORl\42 : refers to a protein having the sequence of 
5 native ORM2 other than for at one or more positions where there have been 
deletions. Thus the. fragment ma}' comprise at most 5, 10, 20, 30, 40 or 50%, 
typically up to 60%, more typically up to 70%, preferably up to 80%, more 
preferably up to 90%, even more preferably up to 95%, yet more preferably up to 
99% of the complete sequence of the full mature ORM2 protein. Particularly 
10 preferred fragments of ORM2 protein comprise one or more whole domains of the 
desired protein. 

A fragment or variant of ORM2 may be a protein that when expressed 
recombinantly in a host cell, such as S. cerevisiae, can complement the deletion of 
15 the endogenous OEM2 gene in the host cell and may, for example, be a natural^ 
occurring homolog of ORMZ such as a homolog encoded by another organism, 
such as another yeast or other fungi, or another eulcaryote such as a human or 
other vertebrate, or animal or by a plant. 

20 A gene encoding a protein comprising the sequence of a chaperone may be formed 
in a like manner to that discussed below for genes encoding heterologous proteins, 
with particular emphasis on combinations of ORFs and regulatory regions. 

The term "protein" as used herein includes all natural and non-natural proteins, 
25 polyp e P tides and peptides. A "heterologous protein 5 ' is a protein that is not 
naturally encoded by a 2pm-family plasmid and can also be described as a "non 
2(xm-family plasmid protein' 5 . For convenience, the terms "heterologous protein" 
and "non 2fim-fainily plasmid protein" are used s)mon3anously throughout this 
application. Preferably, therefore, the heterologous protein is not a FLP, KEPI, 
30 KEP2, or a RAF/D protein as encoded by any one of pSRl, pSB3 or pSB4 as. 
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obtained from z r«* pSBl or pSB 2 both as obtained from Z Wi , pSMJ as 
obtanted from Z. fenrnntati, pKDl as obtained from K. drosopHUarun, pPMI as 

obhuned from P. membranaefac^ or .be 2pm plasmid as obtained from S. 
cerevisiae. 

A gene encoding a heterologous p ro tem comprises polynucleotide sequence 
encodmg the heterologous protein (typically according to standard codon usage 
for any grven organism), designated the open reading frame («ORF») The a 
may additionally comprise some polynucleotide sequence that does not encode^ 
open readmg frame (termed "non-coding region")- 



5 



Non-coding region in the gene may contain one or mom regdatory sequences 
operative!, United to the ORP, wbieb aUow for me transcription cf the open 
readmg frame and/or translation of the resultant transcript. 

The tenn "regulatoty sequence" refers to a sequence ma, modulates (i.e., promotes 
or reduces) the expression (i.e., the transcription and/or translation) of an OR F to 
winch i, is opereMy linked. Regulatory regions typically include promoters 
terminators, ribosome binding sites and ,he nke. The skilled person will' 
appreciate mat the choice of regumtory region wfii depend upon the intended 
expression system. For exampie, promoters may be constitutive or inducibte and 
may be cell- or tissue-type specific or non-specific. 

Suitable regulatory regions, may be 5bp, Iflbp, 15bp, 20bp, 25bp, 30bp 35bp 
40bp, 45bp, 50bp, 60bp, 70bp, 80bp, 90bp, lOObp, 12 0bp, 140bp, !60b P ' 180 bp' 
200bp, 220bp, 240bp, 260bp, 280bp, 300bp, 350bp, 400bp, 450bp, 500bp 550bp' 
600bp, o50bp, 700bp, 750bp, 800bp, SSObp, vOObp, 950bp, JOOObp HOObp' 
1200bp, 1300bp, 1400bp, 1 500bp or greater, in length. 
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Those skilled in the. art will recognise that the gene encoding the chaperone. for 
example PDL may additional!}' comprise non-coding regions and/or regulatory 
regions. Such non-coding regions and regulatory regions are not restricted to the 
native- non-coding regions and/or regulator}' regions nonnallj' associated with the 
chaperone ORF. 

Where the expression system is yeast, such as Saccharomyces cerevisiae^ suitable 
promoters for S. cerevisiae include those associated with the PGIO gene 5 GALJ or 
GAL10 genes, TEF1, TEF2, PYICJ, PhdAl, CTC1, PHQ5, TRP1, AD HI, ADH2, 
the genes for glyceraldehyde-3 -phosphate dehydrogenase, hexokinase, pjirtvate 
decarboxylase, phosphofructoldnase, triose phosphate isomerase, phosphoglucose 
isomerase, glucokinase, a-mating factor pheromone, a-mating factor pheromone, 
the PRBJ promoter, the PRA1 promoter, the GPD1 promoter, and hybrid 
promoters involving hybrids of parts of 5' regulatory regions with parts of 5' 
regulatory regions of other promoters or with upstream activation sites (e.g. the 
promoter of EP-A-258 067). 

Suitable transcription termination signals are well known in the art. Where the 

* 

host cell is eukaryotic, the transcription termination signal is preferably derived 
from the 3' Hanking sequence of a eukaryotic gene, which contains proper signals 
for transcription teimination and polyaden} r lation. Suitable 3' flanking sequences 
may, for example, be those of the gene natural!}' linked to the expression control 
sequence used, i.e. may correspond to the promoter. Alternative^', they may be 
different. In that case, and where the host is a yeast preferably S. cerevisiae, then 
the termination signal of the S. cerevisiae ADH1, ADH2, CYC], or PGK1 genes 
are preferred. 

It may be beneficial for the promoter and open reading frame of the heterologous 
gene, such as the those of the chaperone PDIL to be flanked by transcription 
termination sequences so that the transcription termination sequences are located 
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both upstream and downstream of the promoter and open reading frame, in order 
to prevent transcriptional read-through into neighbouring genes, such as 2um 



genes, and visa versa. 



In one embodiment, the favoured regulatory sequences in yeast, such as 
Saccharomyces cerevisiae, include: a yeast promoter (e.g. the Saccharomyces 
cerevisiae PRB1 promoter), as taught in EP 431 880; and a transcription 
terminator, preferably the terminator from Saccharomyces ADH1, as taught in EP 
60 057. Preferably, the vector incorporates at least two translation stop codons. 



It may be beneficial for the non-coding region to incorporate more than one DNA 
sequence encoding a transiational stop codon, such as UAA, UAG or UGA, in 
order to minimise transiational read-through and thus avoid the production of 
elongated, non-natural fusion proteins. The translation stop codon UAA is 
1 5 preferred. 



20 
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The term "operably linked" includes within its meaning that a regulatory sequence 
is positioned within any non-coding region in a gene such that it forms 
relationship with an ORF that permits the regulatory region to exert an effect 
the ORF in its intended manner. Thus a regulatory region "operably linked" to 
ORF is positioned in such a way that the regulatory region is able to influence 
transcription and/or translation of the ORF in the intended manner, under 
conditions compatible with the regulatory sequence. 

* 

25 In one preferred embodiment, the heterologous protein is secreted. In that case, a 
sequence encoding a secretion leader sequence which, for example, comprises 
most of the natural HSA secretion leader, plus a small portion of the S. cerevisiae 
a-mating factor secretion leader as taught in WO 90/01063 may be included in the 
open reading frame. 
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Alternative] y, the heterologous protein may be intracellular. 



In another preferred embodiment, the heterologous protein comprises the 
sequence of a eukaryotic protein, or a fragment or variant thereof. Suitable 
5 eukaryotes include fungi, plants and animals. In one preferred embodiment the 
heterologous protein is a fungal protein, such as a yeast protein. In another 
preferred embodiment the heterologous protein is an animal protein. Exemplary 
animals include vertebrates and invertebrates. Exemplars' vertebrates include 
mammals, such as humans, and non-human mammals. 

10 

Thus the heterologous protein may comprise the sequence of a yeast protein. It 
may, for example, comprise the sequence of a yeast protein from the same host 
from which the 2pm-family plasmid is derived. Those skilled in the art will 
recognise that a method, use or plasmid of the first, second or third aspects of the 
15 invention may comprise DNA sequences encoding more than one heterologous 
protein, more than one chaperone, or more than one heterologous protein and 
more than one chaperone. 



In another preferred embodiment, the heterologous protein may comprise the 
20 sequence of albumin, a monoclonal antibody, an etoposide, a serum protein (such 
as a blood clotting factor), antistasin, a tick anticoagulant peptide, transferrin, 
lactoferrin, endostatin, angiostatin, collagens, immunoglobulins or 
immunoglobulin-based molecules or fragment of either (e.g. a Small Modular 
ImmunoPhaimaceutical™ ("SMIP") or dAb, Fab' fragments, F(ab')2, scAb, scFv 
25 or scFv fragment), a Kunitz domain protein (such as those described hi WO 
03/066824, with or without albumin fusions), interferons, interleukins, IL1 0, IL1 1, 
IL2, interferon a species and sub-species, interferon p species and sub-species, 
interferon 7 species and sub-species, leptin, CNTF, CNTFaxis, ILl-receptor 
antagonist, erythropoietin (EPO) and EPO mimics, thrombopoietin (TPO) and 
30 TPO mimics, prosaptide, cyanovirin-N, 5 -helix, T20 peptide, T1249 peptide, HW 
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gp41, HIV gpl20, urokinase, prourokinase, tPA, hirudin, platelet derived growth 
factor, parathyroid hormone, proinsulin, insulin, glucagon, glucagon-like peptides, 
insulin-like growth factor, calcitonin, growth hormone, transforming growth factor 
P. tumour necrosis factor, G-CSF, GM-CSF, M-CSF, FGF, coagulation factors in 
both pre and active forms, including but not limited to plasminogen, fibrinogen, 
thrombin, pre-thrombin, pro-thrombin, von WHlebrand's factor, a x -antitrypsin, 
plasminogen activators, Factor VII, Factor VIII, Factor IX, Factor X and Factor 
Xm, nerve growth factor, LACI, platelet-derived endothelial cell growth factor 
(PD-ECGF), glucose oxidase, serum cholinesterase, aprotinin, amyloid precursor 
protein, inter-alpha trypsin inhibitor, antithrombin III, apo-lipoprotein species, 
Protein C, Protein S, or a variant or fragment of any of the above. 



A "variant", in the context of the above-listed proteins, refers to a protein wherein at 
one or more positions there have been amino acid insertions, deletions, or 
15 substitutions, either conservative or non-conservative, provided that such changes 
result in a protein whose basic properties, for example enzymatic activity or receptor 
binding (type of and specific activity), thermostability, activity in a certain pH-range 
(pH-stability) have not significantly been changed. "Significantly" in this context 
means that one skilled in the art would say that the properties of the variant may still 
20 be different but would not be unobvious over the ones of the original protein. 

By "conservative substitutions" is intended combinations such as Val, fie, Leu, Ala, 
Met Asp, Glu; Asn, Gin; Ser, Thr, Gly, Ala; Lys, Arg, His; and Phe, Tyr,' Tip. 
Preferred conservative substitutions include Gly, Ala; Val, He, Leu; Asp, Glu- Asn 
25 Gin; Ser, Thr; Lys, Arg; and Phe, Tyr. 

A "variant typically has at least 25%, at least 50%, at least 60% or at least 70%, 
preferably at least 80%, more preferably at least 90%, even more preferably at least 
95%, yet more preferably at least 99%, most preferably at least 99.5% sequence 
identity to the polypeptide from which it is derived. 
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The percent sequence identity between two polypeptides ma)' be. determined using 
suitable computer programs, for example the GAP program of the University of 
Wisconsin Genetic Computing Group and it will be appreciated that percent 
identity is calculated in relation to polypeptides whose sequence has been aligned 
optimally. 

The alignment may alternatively be carried out using the Clustal W program 
(Thompson e1 aL (1994) Nucleic Acids Res., 22(22), 4673-80), The parameters 
used may be as follows: 

* Fast pairwise aLigmnent parameters: K-tuple(word) size; 1, window size: 5 3 
gap penalty; 3, number of top diagonals; 5. Scoring method: x percent. 

* Multiple alignment parameters: gap open penalty; 10, gap extension penalty; 
0.05. 

* Scoring matrix: BLOSUM. 

Such variants may "be natural or made using the methods of protein engineering and 
site-directed mutagenesis as are well known in the art. 

A "fragment", in the context of the above-listed proteins, refers to a protein wherein 
at one or more positions there have been deletions. Thus the fragment may comprise 
at most 5, 10, 20, 30, 40 or 50% of the complete sequence of the full mature 
polypeptide. T)pically a fragment comprises up to 60%, more t}pically up to 70%^ 
preferably up to 80%, more preferably up to 90%, even more preferably up to 95%, 
yet more preferably up to 99% of the complete sequence of the full desired protein. 
Particularly prefened fragments of a protein comprise one or more whole domains of 
the protein. 

In one particularly preferred embodiment the heterologous protein comprises the 
sequence of albumin or a variant or fragment thereof. 
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By "albumin" we include a protein comprising the sequence of an albumin protein 
obtained from any source. Typically the source is mammalian. In one preferred 
embodiment the serum albumin is human serum albumin ( £C HSA"). The term 
5 "human serum albumin" includes the meaning of a serum albumin having an 
amino acid sequence naturally occurring in humans, and variants thereof. 
Preferably the albumin has the amino acid sequence disclosed in WO 90/13653 or 
a variant thereof. The HSA coding sequence is obtainable by known methods for 
isolating cDNA corresponding to human genes, and is also disclosed in, for 
10 example, EP 73 646 and EP 286 424. 

In another preferred embodiment the "albumin" comprises the sequence of bovine 
serum albumin. The term "bovine serum albumin" includes the meaning of a 
serum albumin having an amino acid sequence naturally occurring in cows, for 
example as taken from Swissprot accession number P02769, and variants thereof 
as defined below. The term "bovine serum albumin" also includes the meaning of 
fragments of full-length bovine serum albumin or variants thereof, as defined 
below. 
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In another preferred embodiment the albumin comprises the sequence of an 

albumin derived from one of serum albumin from dog (e.g. see Swissprot 

accession number P49822), pig. (e.g. see Swissprot accession number P08S35), 

goat (e.g. as available from Sigma as product no. A2514 or A4164), turkey (e.g. 

see Swissprot accession number 073860), baboon (e.g. as available from Sigma 

as product no. A1516), cat (e.g. see Swissprot accession number P49064), chicken 

(e.g. see Swissprot accession number P19121), ovalbumin (e.g. chicken 

ovalbumin) (e.g. see Swissprot accession number P01012), donkey (e.g. see 

Swissprot accession number P39090), guinea pig (e.g. as available from Sigma as 

product no. A3060, A2639, 05483 or A6539), hamster (e.g. as available from 

Sigma as product no. A5409), horse (e.g. see Swissprot accession number 

P35747), rhesus monkey (e.g. see Swissprot accession number Q28522) mouse 
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('e.g. see Swissprot accession number 089020), pigeon (e.g. as defined by Khan et 
aL 2002, Int. 1 Biol Macromol, 30(3 -4),171-S). rabbit (e.g. see Swissprot 
accession number P49065), rat (e.g. see Swissprot accession number P36953) and 
sheep (e.g. see Swissprot accession number PI 463 9) and includes variants and 
fragments thereof as defined below. 

Man}' naturally occurring mutant fonns of albumin are known. Mam' are 
described in Peters, (1996, All About Albumin: Biochemistry, Genetics and Medical 
Applications, Academic Press, Inc., San Diego, California, p. 1 70-1 81). A variant as 
defined above ma)' be one of these natural!}' occurring mutants. 

A "variant albumin" refers to an albumin protein wherein at one or more positions 
there have been amino acid insertions, deletions, or substitutions, either conservative 
or non-conservative, provided that such changes result in an albumin protein for 
which at least one basic property, for example binding activity (type of and specific 
activity e.g. binding to bilirubin), osmolarity (oncotic pressure, colloid osmotic 
pressure), behaviour in a certain pH-range (pH-stabihty) has not significant^ been 
changed. "Significant^* in this context means that one skilled in the art would say 
that the properties of the variant may still be different but would not be unobvious 
over the ones of the original protein. 

By "conservative substitutions" is intended combinations such as Gly, Ala; Val, lie. 
Leu; Asp, Glu; Asn, Gin; Ser, Hit; Lys, Arg; and Phe, T3T. Such variants may be 
made by techniques well known in the art, such as by site-directed mutagenesis as 
disclosed in US Patent No 4,302,386 issued 24 November 1981 to Stevens, 
incorporated herein by reference. 

Typically an albumin variant will have more than 40%, usually at least 50%, more 

typically at least 60%, preferably at least 70%, more preferably at least 80%, yet 

more preferably at least 90%, even more preferably at least 95%, most preferably at 

least 98% or more sequence identity with naturally occurring albumin. The percent 
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sequence identity between two polypeptides may be determined using suitable 
computer programs, for example the GAP program of the University of Wisconsin 
Genetic Computing Group and it will be appreciated that percent identity is 
calculated in relation to polypeptides whose sequence has been aligned optimally. 
The alignment may alternatively be carried out using the Clustal W program 
(Thompson et aL, 1994). The parameters used may be as follows: 

Fast pairwise alignment parameters: K-tuple(word) size; 1, window size; 5, gap 
penalty; 3, number of top diagonals; 5. Scoring method: x percent Multiple 
alignment parameters: gap open penalty; 10, gap extension penalty; 0.05. Scoring 
matrix: BLOSUM. 

The term "fragment" as used above includes any fragment of full-length albumin 
or a variant thereof, so long as at least one basic property, for example binding 
activity (type of and specific activity e.g. binding to bilirubin), osmolality (oncotic 
pressure, colloid osmotic pressure), behaviour in a certain pH-range (pH-stability) 
has not significantly been changed. "Significantly" in this context means that one 
skilled in the art would say that the properties of the variant may still be different but 
would not be unobvious over the "ones of the original protein. A fragment will 
typically be at least 50 amino acids long. A fragment may comprise at least one 
whole sub-domain of albumin. Domains of HSA have been expressed as 
recombinant proteins (Dockal, M. et a!., 1999, J. Biol. Chem., 274, 29303-29310), 
where domain I was defined as consisting of amino acids 1-197, domain II was 
defined as consisting of amino acids 189-385 and domain III was defined as 
consisting of amino acids 381-585. Partial overlap of the domains occurs because 
of the extended a-helix structure (hlO-hl) which exists between domains I and II, 
and between domains II and HI (Peters, 1996, op. cit, Table 2-4). HSA also 
comprises six sub-domains (sub-domains IA, IB, DA, HB, IDA and IIIB). Sub- 
domain IA comprises amino acids 6-105, sub-domain IB comprises amino acids 
120-177, sub-domain IIA comprises amino acids 200-291, sub-domain IIB 
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comprises amino acids 316-369. sub-domain IIlA comprises amino- acids 392-491 
and sub-domain HIE comprises amino acids 512-583. A fragment may comprise 
a whole or part of one or more domains or sub-domains as defined above, or any 
combination of those domains and/or sub-domains. 

In another particularly preferred embodiment the heterologous protein comprises 
the sequence of transferrin or a variant or fragment thereof. The term 
"transferrin" as used herein includes all members of the transferrin family (Testa, 
Proteins of iron metabolism, CRC Press, 2002; Harris & Aisen, Iron carriers and 
iron proteins. Vol. 5, Physical Bioinorganic Chemistry, VCBL 1991) and their 
derivatives, such as transferrin, mutant transferrins (Mason et al, 1993, 
Biochemistry, 32, 5472; Mason et al, 1998, Biochem. 330(1), 35), truncated 
transferrins, transferrin lobes (Mason et al> 1996, Protein Expr. Purify 8, 119; 
Mason et a.U 1991, Protein Expr. Purify 2, 214), lactoferrin, mutant lactoferrins, 
truncated lactoferrins, lactoferrin lobes or fusions of an} 7 of the above to other 
peptides, polypeptides or proteins (Shin et ah 1995, Proc. Natl Acad. Sci. USA. 
92, 2820; Ah et al 1999^ J. Biol Chem., 274, 24066; Mason et al 9 2002, 
Biochemistry, 41, 9448). 

The transferrin may be human transferrin. The term "human transferrin'' is used 
herein to denote material which is indistinguishable from transferrin derived from 
a human or which is a variant or fragment thereof. A "variant' 1 includes 
insertions, deletions and substitutions, either conservative or non-conservative, 
where such changes do not substantially alter the useful ligand -binding or 
immunogenic properties of transferrin. 

Mutants of transferrin are included in the invention. Such mutants may have 

altered iinmunogenicity. For example, transferrin mutants may display modified 

(e.g. reduced) glycosylated. The N-linked glycos3'lation pattern of a transferrin 

molecule can be modified by adding/removing amino acid glycos3dation 

consensus sequences such as N-X-S/T, at any or all of the N, X, or S/T position. 
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Transferrin mutants may be altered in their natural binding to metal ions and/or 
other proteins, such as transferrin receptor. An example of a transferrin mutant 
modified in this manner is exemplified below. 

We also include naturally-occurring polymorphic variants of human transferrin or 
human transferrin analogues. Generally, variants or fragments of human 
transferrin will have at least 5%, 10%, 15%, 20%, 30%, 40% or 50% (preferably 
at least 80%, 90% or 95%) of human transferrin's ligand binding activity (for 
example iron-binding), weight for weight The iron binding activity of transferrin 
or a test sample can be determined spectrophotometrically by 470nm:280nm 
absorbance ratios for the proteins in their iron-free and fully iron-loaded states. 
Reagents should be iron-free unless stated otherwise. Iron can be removed from 
transferrin or the test sample by dialysis against 0.1M citrate, . 0.1M acetate, lOmM 
EDTA pH4.5. Protein should be at approximately 20mg/mL in lOOmM HEPES, 
lOmM NaHC0 3 pH8.0. Measure the 470nm:280nm absorbance ratio of apo- 
transferrin (Calbiochem, CN Biosciences, Nottingham, UK) diluted in water so 
that absorbance at 280nm can be accurately determined spectrophotometrically 
(0% iron binding). Prepare 20mM iron-nitrilotriacetate (FeNTA) solution by 
dissolving 191mg nitrotriacetic acid in 2mL 1M NaOH, then add 2mL 0.5M ferric 
chloride. Dilute to 50mL with deionised water. Fully load apo-transferrin with 
iron (100% iron binding) by adding a sufficient excess of freshly prepared 20mM 
FeNTA, then dialyse the holo-transferrin preparation completely against 1 OOmM 
HEPES, lOmM NaHC0 3 pH8.0 to remove remaining FeNTA before measuring 
the absorbance ratio at 470nm:280nm. Repeat the procedure using test sample, * 
which should initially be free from iron, and compare final ratios to the control. 

Additionally, single or multiple heterologous fusions comprising any of the above; 

or single or multiple heterologous fusions to albumin, transferrin or 

immunoglobins or a variant or- fragment of any of these ma}' be used. Such 

fusions include albumin N-terminal fusions, albumin C-terminal fusions and co- 

N-terminal and C-terminal albumin fusions as exemplified by WO 01/79271, and 
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transferrin N-ierminal fusions : nansferrin C-teiminal fusions, and co-N-ieniaixia] 
and C-terminal Transferrin fusions. 

Examples of transferrin fusions are given in US patent applications 
US2003/0221201 and US2003/0226155, Sinn, ei aL, 1995 y Proc. Natl Acad Sci U 
S A 92. 2820. AIL et aU 1999. J Biol Chem, 274, 24066, Mason, el al. y 2002, 
Biochemistry, 41, 9448, the contents of which axe incorporated herein by 
reference. 

The skilled person will also appreciate that the open reading frame of an)' other 
gene or variant, or part or either, can be utilised as an open reading frame for use 
with the present invention. For example, the open reading frame ma}' encode a 
protein comprising an) 7 sequence, be it a natural protein (including a zmogen), or 
a variant, or a fragment (which may, for example, be a domain) of a natural 
protein; or a totally synthetic protein; or a single or multiple fusion of different 
proteins (natural or synthetic). Such proteins can be taken, but not exclusively, 
from the lists provided in WO 01/79258, WO 01/79271, WO 01/79442, WO 
01/79443, WO 01/79444 and WO 01/79480, or a variant or fragment thereof; the 
disclosures of which are incorporated herein by reference. Although these patent 
applications present the list of proteins hi the context of fusion partners for 
albumin, the present invention is not so limited and, for the purposes of the 
present invention, any of the proteins listed therein ma)' be presented alone or as 
fusion partners for albumin, the Fc region of immunoglobulin, transferrin, 
lactofeuin or any other protein or fragment or variant of any of the above, as a 
desired polypeptide. 

The heterologous protein may be a therapeutically active protein. In other words, 
it may have a recognised medical effect on individuals, such as humans. Many 
different types of therapeutically active protein are well known in the art. 
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The heterologous protein may comprise a leader sequence effective to cause 
secretion in yeast. 

Numerous natural or artificial polypeptide signal sequences (also called secretion 
pre regions) have been used or developed for secreting proteins from host cells. 
The signal sequence directs the nascent protein towards the machinery of the cell 
that exports proteins from the cell into the surrounding medium or, in some cases, 
into the periplasmic space. The signal sequence is usually, although not 
necessarily, located at the N-terminus of the primary translation product and is 
generally, although not necessarily, cleaved off the protein during the secretion 
process, to yield the "mature" protein. 

In the case of some proteins the entity that is initially secreted, after the removal 
of the signal sequence, includes additional amino acids at its N-terminus called a 
"pro" sequence, the intermediate entity being called a "pro-protein". These pro 
sequences may assist the final protein to fold and become functional, and are 
usually then cleaved off. In other instances, the pro region simply provides a 
cleavage site for an enzyme to cleave off the pre-pro region and is not known to 
have another function. 

The pro sequence can be removed either during the secretion of the protein from 
the cell or after export from the cell into the surrounding medium or periplasmic 
space. 

Polypeptide sequences which direct the secretion of proteins, whether they 
resemble signal (i.e. pre) sequences or pre-pro secretion sequences, are referred to 
as leader sequences. The secretion of proteins is a dynamic process involving 
translation, translocation and post-translational processing, and one or more of 
these steps may not necessarily be completed before another is either initiated or 
completed. 
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For production of proteins in eulcaryotic species such as the yeasts Saccharomyces 
cerevisiae. Zvzosaccharomyces species, I3wvcromyc.es lactis and Pichio past oris \ 
known leader sequences include those from Hie S. cerevisiae acid phosphatase 
protein (Pho5p) (see EP 366 400), the invertase proiein (Suc2p) (see Smith et al. 
(1985) Science^ 229, 1219-1224) and heat-shock protein-150 (HsplSOp) (see WO 
95/33833). Additional!}', leader sequences from the S. cerevisiae mating factor 
alpha- 1 protein (MFa-1) and from the human lysozyme and human serum 
albumin (HSA) protein have been used, the latter having been used especiall}', 
although not exclusive!} 7 , for secreting human albumin. WO 90/01063 discloses a 
fusion of the MFa-1 and HSA leader sequences, which advantageous!}- reduces 
the production of a contaminating fragment of human albumin relative to the use 
of the MFa-1 leader sequence. Modified leader sequences are also disclosed in 
the examples of this application and the reader will appreciate that those leader 
sequences can be used with proteins other than transferrin. In addition, the natural 
transferrin leader sequence may be used to direct secretion of transferrin and other 
heterologous proteins. 

Where the chaperone is protein disulphide isomerase, then preferably the 
heterologous protein comprises disulphide bonds in its mature form. The 
disulphide bonds may be intramolecular and/or intemiolecuiar. 

The heterologous protein may be a commercially useful protein. Some 
heterologously expressed proteins are intended to interact with the cell in which 
they are expressed in order to bring about a beneficial effect on the cell's 
activities. These proteins are not, in their own right commercial!} 7 useful. 
Commercially useful proteins are proteins that have a utility ex vivo of the cell in 
which they are expressed. Nevertheless, the skilled reader will appreciate that a 
commercially useful protein may also have a biological effect on the host cell 
expressing it as a heterologous protein, but that that effect is not the main or sole 
reason for expressing the protein therein. 
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In one embodiment it is preferred that the heterologous protein is not P-lactamase. 
In another embodiment it is preferred that the heterologous protein is not 
antistasin. However, the reader will appreciate that neither of these provisos 
exclude genes encoding either {^-lactamase or antistasin from being present on the 
2fim-family plasmid of the invention, merely that the gene encoding the 
heterologous protein encodes a protein other than ^-lactamase and/or antistasin. 

Piasmids can be prepared by modifying 2 fim- family plasmids known in the art by 
inserting a gene encoding a chaperone and inserting a gene encoding a heterologous 
protein using techniques well known in the art such as are described in by Sambrook 
et al, Molecular Cloning: A Laboratory Manual, 2001, 3rd edition, the contents 
of which are incorporated herein by reference. For example, one such method 
involves ligation via cohesive ends. Compatible cohesive ends can be generated on a 
DNA fragment for insertion and plasmid by the action of suitable restriction 
enzymes. These ends will rapidly anneal through complementary base pairing and 
remaining nicks can be closed by the action of DNA ligase. 

A further method uses synthetic double stranded oligonucleotide linkers and 
■adaptors. DNA fragments with blunt ends are generated by bacteriophage T4 DNA 
polymerase or Kcoli DNA polymerase I which remove protruding 3' teixnini and fill 
in recessed 3 ' ends. Synthetic linkers and pieces of blunt-ended double-stranded 
DNA, which contain recognition sequences for defined restriction enzymes, can be 

« 

ligated to blunt-ended DNA fragments by T4 DNA ligase. They are subsequently 
digested with appropriate restriction enzymes to create cohesive ends and ligated to 
an expression vector with compatible termini. Adaptors are also chemically 

* 

synthesised DNA fragments which contain one blunt end used for ligation but which 
also possess one preformed cohesive end. Alternatively a DNA fragment or DNA 
fragments can be ligated together by the action of DNA ligase in the presence or 
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absence of one or more synthetic double stranded oligonucleotides optionally 
containing cohesive ends. 

Synthetic linkers containing a variety of restriction endonuclease sites are 
commercial!}' available from a number of sources including Sigrna-Genosys Ltd, 
London Road, Pampisford, Cambridge, United Kingdom. 

Appropriate insertion sites in 2prn-family plasmids include, but are not limited to, 
those discussed above. 

The present invention also provides a host cell comprising a plasmid as defined 
above. The host cell may be any type of cell. Bacterial and yeast host cells are 
preferred. Bacterial host cells ma}' be useful for cloning purposes. Yeast host 
cells ma}- be useful for expression of genes present in the plasmidL 

in one embodiment the host cell is a 3'east celL such as a member of the 
Saccharomyces, Kluxer omyces, or Pichia genus, such Saccharomyces cerevisiae, 
Klwweromyces lactis, Pichia pastoris and Pichia membranaefaciens, or 
Zy go saccharomyces roiixii, Zygosaccharomyces bailit Zygo saccharomyces 
fermentati, or Khtyveromyces drosphilarum are preferred. 

The host cell type may be selected for compatibility with the plasmid type being 
used. Plasmids obtained from one 3'east type can be maintained in other yeast 
types (Irie et al 9 1991, Gene, 108(1), 139-144; Irie et al 9 1991, Mol Gen. Genet, 
225(2), 257-265). For example, pSRl from Zygosaccharomyces rouxii can be 
maintained in Saccharomyces cerevisiae. Preferably, the host cell is compatible 
with the 2pm-family plasmid used (see below for a full description of the 
following plasmids). For example, where the plasmid is based on pSRl, pSB3 or 
pSB4 then a suitable yeast cell is Zygosaccharomyces roiixii; where the plasmid is 
based on pSBl or pSB2 then a suitable yeast cell is Zygosaccharomyces bailli: 
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where the plasmid is based on pSMl then a suitable yeast cell is 
Zygosaccharomyces fermentati; where the plasmid is based on pKD 1 then a 
suitable yeast cell is Kluyveromyces drosophilarum; where the plasmid is based on 
pPMl then a suitable yeast cell is Pichia membranaefaciens\ where the plasmid is 
based on the 2pm plasmid then a suitable yeast cell is Saccharomyces cerevisiae 
or Saccharomyces carlsbergensis. It is particularly preferred that the plasmid is 
based on the 2jim plasmid and the yeast cell is Saccharomyces cerevisiae. 

A 2p,m-family plasmid of the invention can be said to be "based on" a naturally 
occurring plasmid if it comprises one, two or preferably three of the genes FLP, 
REP J andREP2 having sequences derived from that naturally occurring plasmid. 



It may be particularly advantageous to use a yeast deficient in one or more protein 
mannosyl transferases involved in O-glycosylation of proteins, for instance by 
15 disruption of the gene coding sequence. 



Recombinant^ expressed proteins can be subject to undesirable post-transiationai 
modifications by the producing host cell. For example, the albumin protein 
sequence does not contain any sites for N-linked glycosylation and has not been 
20 reported to be modified, in nature, by O-linked glycosylation. However, it has 
been found that recombinant human albumin ("rHA") produced in a number of 

i 

yeast species can be modified by O-linked glycosylation, generally involving 
mannose. The mannosylated albumin is able to bind to the lectin Concanavalin A. 
The amount of mannosylated albumin produced by the yeast can be reduced by 

25 using a yeast strain deficient in one or more of the PMT genes (WO 94/04687). 
The most convenient way of achieving this is to create a yeast which has a defect 
in its genome such that a reduced level of one of the Pmt proteins is produced. 
For example, there may be a deletion, insertion or transposition in the coding 
sequence or the regulatory regions (or in another gene regulating the expression of 

30 one of the PMT genes) such that little or no Pmt protein is produced. 
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Alternatively, the yeast could be transformed to produce an anti-Pmt agent, such 
as an anti-Pmt antibody. 

If a yeast other than S. cercvisiae is used, disruption of one or more of the genes 
equivalent to the PK4T genes of S. cerevisiae is also beneficial, e.g. in Pichia 
pastoris or JDuyveromyccs lactis. The. sequence of PhfTl (or an}' other P2\4T 
gene) isolated from S. cerevisiae may be used for the identification or disruption 
of genes encoding similar enzymatic activities in other fungal species. The 
cloning of the PMT1 homologue of Kluweromyces lactis is described in WO 
94/04687. 

The yeast will advantageous^ have a deletion of the HSP150 and/or YAP3 genes 
as taught respectively in WO 95/33833 and WO 95/23857. 

A plasmid as defined above, may be introduced into a host through standard 
techniques. With regard to transformation of prokaryotic host cells, see. for 
example, Cohen et al (1972) Proc. Natl Acad Sci. USA 69, 2110 and Sambrook et 
al (2001) Molecular Cloning, A Labor atoiy Manual, 3 rd Ed. Cold Spring Harbor 
Laboratory. Cold Spring Harbor, NY. Transformation of yeast cells is described in 
Sherman et al (1986) Methods In Yeast Genetics, A Labor atoiy Manual, Cold Spring 
Harbor, NY. The method of B eggs (1978) Nature 275, 104-109 is also useful. 
Methods for the transformation of S. cerevisiae are taught generally in EP 251 
744, EP 258 067 and WO 90/01063, all of which are incorporated herein by 
reference. With regard to vertebrate cells, reagents useful in transfecthig such cells, 
for example calcium phosphate and DEAE-dextran or liposome formulations, are 
available from Stratagene Cloning Systems, or Life Technologies Inc., Gaithersburg,- 
MD 20877, USA. 

Electroporation is also useful for transforming cells and is well known in the art for 
transforming yeast cell, bacterial cells and vertebrate cells. Methods for 
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transformation of yeast by electroporation are disclosed in Becker & Guarente 
(1990) Methods Enzymol. 194, 182. 

Generally, the plasmid will transform not all of the hosts and it will therefore be 
> necessary to select for transformed host cells. Thus, a plasmid may comprise a 
selectable marker, including but not limited to bacterial selectable marker and/or a 
yeast selectable marker. A typical bacterial selectable marker is the p-lactamase 
gene although many others are known in the art Typical yeast selectable marker 
include LEU2, TJtPl, MS3, HIS4, URA3, URA5 t SFA1, ADE2, METIS, LYS5, 
LYS2, ILV2, FBA1, PSE1, PDI1 and PGKJ. Those skilled in the art will 
appreciate that any gene whose chromosomal deletion or inactivation results in an 
inviable host, so called essential genes, can be used as a selective marker if a 
functional gene is provided on the plasmid, as demonstrated for PGKJ in apgkl 
yeast strain (Piper and Curran, 1990, Curr. Genet. 17, 119). Suitable essential 
genes can be found within the Stanford Genome Database (SGD), 
http:://db.yeastgenome.org). Any essential gene product (e.g. PDI1, PSE1, PGK1 
or FBA1) which, when deleted or inactivated, does not result in an auxotrophic 
(biosynthetic) requirement, can be used as a selectable marker on a plasmid in a 
host cell that, in the absence of the plasmid, is unable to produce that gene 
product, to achieve increased plasmid stability without the disadvantage of 
requiring the cell to be cultured under specific selective conditions. By 
"auxotrophic (biosynthetic) requirement" we include a deficiency which can be 
complemented by additions or modifications to the growth medium. Therefore, 
preferred "essential marker genes" m the context of the present invention are those 
that, when deleted or inactivated in a host cell, result in a deficiency which cannot 
be complemented by additions or modifications to the growth medium. 

Additionally, a plasmid according to any one of the first, second or third aspects 
of the present invention may comprise more than one selectable marker. 
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One selection technique involves incorporating into the expression, vector a DNA 
sequence marker, with any necessary control elements, that codes for a selectable 
trait in the transformed cell These markers include dihydrofblate reductase. G41 8 ol- 
ivomycin resistance for eukaiyoiic cell culture, and tetracyclic kanamycin or 
5 ampicillin (Le. p-lactamase) resistance genes for culturing in E.coli and other 
bacteria. Alternatively, the gene for such selectable trait can be on another vector 
which is used to co-transform the desired host cell. 



Another method of identifying successfully transformed cells involves crowing the 
10 cells resulting from the introduction of a plasmid of the invention, optional^ to allow 
the expression of a recombinant polypeptide (i.e. a polypeptide which is encoded by 
a pol)nucleotide sequence on the plasmid and is heterologous to the host cell, in the 
sense that that polypeptide is not naturally produced by the host). Cells can be 
harvested and lysed and their DNA orRNA content examined for the presence of the 
15 recombinant sequence using a method such as that described by Southern (1975) J. 
Mot Biol 98, 503 or Berent et al (1985) Biotech 3, 208 or other methods of DNA 
and RNA analysis common in the art. Alternatively, the presence of a polypeptide in 
the supernatant of a culture of a transformed cell can be detected using antibodies. 

20 In addition to directly assaydng for the presence of recombinant DNA, successful 
transformation can be confirmed by well known immunological methods when the 
recombinant DNA is capable of directing the expression of the protein. For example, 
cells successfully transformed with an expression vector produce proteins displa3'ing 
appropriate antigenicity. Samples of cells suspected of being transformed are 

5 harvested and assayed for the protein using suitable antibodies. 

Thus, in addition to the transformed host cells themselves, the present invention also 
contemplates a culture of those cells, preferably a monoclonal (clonally 
homogeneous) culture, or a culture derived from a monoclonal culture, in a nutrient 
medium. Alternatively, transformed cells may represent an 
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induslrially/commercially or pharmaceuticaUy useful product and can be used 
without further purification or can be purified from a culture medium and optionally 
formulated with a carrier or diluent in a manner appropriate to their intended 
industrial/commercial or pharmaceutical use, and optionally packaged and presented 
in a manner suitable for that use. For example, whole cells could be immobilised; or 
used to spray a cell culture directly on to/into a process, crop or other desired target 
Similarly, whole cell, such as yeast cells can be used as capsules for a huge variety of 
applications, such as fragrances, flavours and pharmaceuticals. 

Transformed host cells may be cultured for a sufficient time and under appropriate 
conditions known to those skilled in the art, and in view of the teachings disclosed 
herein, to permit the expression of the chaperone and heterologous protein 
encoded by the plasmid. 

The culture medium may be non-selective or place a selective pressure on the 
maintenance of the plasmid. 

« 

The thus produced heterologous protein may be present intracellularly or, if 
secreted, in the culture medium and/or periplasmic space of the host cell. 

The step of "purifying the thus expressed heterologous protein from the cultured 
host cell or the culture medium" optionally comprises cell immobilization, cell 
separation and/or cell breakage, but always comprises at least one other 
purification step different from the step or steps of cell immobilization, separation 
and/or breakage. 

Cell immobilization techniques, such as encasing the cells using calcium alginate 
bead, are well known in the art. Similarly, cell separation techniques, such as 
centrifugation, filtration (e.g. cross-flow filtration, expanded bed chromatography 
and the like are well known in the art. Likewise, methods of cell breakage, 
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including beaduiilling : sonication, enzymatic exposure and tlie. like are well 
known in the ait 

The at least one other purification step may be any other step suitable for protein 
5 purification known in the art. For example purification techniques for the 
recovery of recombinant] expressed albumin have been disclosed in: WO 
92/04367, removal of matrix-derived dye; EP 464 590, removal of yeast-derived 
colorants; EP 319 067, alkaline precipitation and subsequent application of the 
albumin to a lipophilic phase: and WO 96/37515, US 5 728 553 and WO 
3 00/44772, which describe complete purification processes: all of which are 
incorporated herein b3 r reference. 

Proteins other than albumin ma}' be purified from the culture medium by any 
technique that has been found to be useful for purifying such proteins. 

Suitable methods include ammonium sulphate or ethanol precipitation, acid or 
solvent extraction, anion or cation exchange chromatograph}', phosphocellulose 
chromatograph)-', hydrophobic interaction chromatograph}', affini ty chromatography, 
hydroxylapatite chroinatograpk}', lectin chromatography, concentration, dilution, pH 
adjustment,, diafiltration, ultrafiltration, high performance liquid chromatography 
("HPLC"), reverse phase HPLC, conductivity adjustment and the like. 

In one embodiment, any one or more of the above mentioned techniques may be 
used to further purifying the thus isolated protein to a commercially or industrial!}' 
acceptable level of purity. By cornrnerciallj' or industrially acceptable level of 
purity, we include the provision of the protein at a concentration of at least 0.01 
g.L" 1 , 0.02 g.L/ 1 , 0.03 g.U\ 0.04 g.V 1 , 0.05 g.X\0.06 g.L- J ,0.07 g.L" 1 , 0.08 g.L; 1 , 
0.09 gX 1 , 0.1 g.L" 1 , 0.2 g.X\ 0.3 g.X 1 , 0.4 g.L" 1 , 0.5 g.L' 1 , 0.6 g.L" 1 , 0.7 g.L" 1 , 0.8 
g.L' 1 , 0.9 g.X 1 , 1 g.U\ 2 g.L' 1 , 3 gX-\ 4 g.L" 1 , 5 g.L" 1 , 6 g.L" 1 , 7 g.L" 1 , 8 g.X\ 9 g.L' 
\ 10 g.X 1 , 15 g.L" 1 , 20 gX" 1 , 25 g.X 1 , 30 g.L" 1 , 40 g.X',50 g.L' 1 , 60 g.L" 1 , 70 g.L" 1 , 
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70 g.X 1 , 90 gX- 1 , 100 gl' 1 , 150 gX'\ 200 gi-^O g.L'\ 300 gX" 1 , 350 g.X 1 , 400 
gX" 1 , 500 gL'\ 600 g.1/ 1 , 700 gX"\ 800 g.U\ 900 gL'\ 1000 gir\ or more. 

It is preferred that the heterologous protein is purified to achieve a pharmaceutical^ 
5 acceptable level of purity. A protein has a pharmaceutical^ acceptable level of 
purity is it is essentially pyrogen free and can be administered in a 
pharmaceutical^ efficacious amount without causing medical effects not 
associated with the activity of the protein. 

10 The resulting heterologous protein may be used for any of its known utilities, 
which, in the case of albumin, include i.v. administration to patients to treat severe 
burns, shock and blood loss, supplementing culture media, and as an excipient in 
formulations of other proteins. 

15 Although it is possible for a therapeutically useful heterologous protein obtained by 
a process of the of the invention to be administered alone, it is preferable to present it 
as a pharmaceutical formulation, together with one or more acceptable carriers or 
diluents. The carrier(s) or diluent(s) must be "acceptable" in the sense of being 
compatible with the desired protein and not deleterious to the recipients thereof. 
20 Typically, the carriers or diluents will be water or saline which will be sterile and 
pyrogen free. 

Optionally the thus formulated protein will be presented in a unit dosage form, 
such as in the form of a tablet, capsule, injectable solution or the like. 



A further embodiment of the present invention provides a host cell recombinantly 
encoding proteins comprising the sequences of PDI and transferrin-based proteins. 
By "transfenin-based protein" we mean transferrin or any other member of the 
transferrin family (e.g. lactoferrin), a variant or fragment thereof or a fusion 
30 protein comprising transferrin, a variant or fragment thereof, including the types 
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described' above. Thus the. present invention also provides for the use of a 
recombinant PDI gene to increase the expression of a transfemn-based protein. 

The PDI gene may be. provided on a plasmid, such as a 2jjun-fomily plasmid as 
5 described above. Alternatively, the PDI gene may be chromosomaUy integrated. 
In a preferred embodiment, the PDI gene is chromosomaUy integrated at the locus 
of an endogenously encoded PDI gene, preferably without disrupting the 
expression of the endogenous PDI gene. In this context "without disrupting the 
expression of the endogenous PDI gene" means that, although some decrease in 
10 the protein production from the endogenous PDI gene as a result of the integration 
may be acceptable (and preferably there is no decrease), the total level of PDI 
protein production in the modified host cell as a result of the combined effect of 
expression from the endogenous and integrated PDI genes is increased, relative to 
the level of PDI protein production by the host cell prior to the integration event. 



15 
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The sene encoding the transferrin-based protein may he provided on a plasmid, 
such as a ? pm - fami ly plasmid as described above, or may be chromosomal^ 
integrated, such as at the locus of an endogenously encoded PDI gene, preferably 
without disrupting the expression of the endogenous PDI gene. 



In one embodiment the PDI gene is chromosomaUy integrated and the gene 
encoding the transferrin-based protein is provided on a plasmid. In another 
embodiment, the PDI gene is provided on a plasmid and the gene encoding the 
transferrin-based protein is chromosomaUy integrated. In. another embodiment 
25 both the PDI gene and the gene encoding the transferrin-based protein are 
chromosomaUy integrated. In another embodiment both the PDI gene and the 
gene encoding the transferrin-based protein are provided on a plasmid. 

As discussed above, Bao et al, 2000, Yeast, 16, 329-341 reported that over- 
,0 expression of the X. lactis PDI gene KIPDI1 was toxic to K. lac t is cells. Against 

67 



WO 2005/(M1718 



PCT/GB2004/005462 



this background we have surprisingly found that, not only is it possible to over- 
express PDI and other chaperones without the detrimental effects reported in Bad 
et at, but that two different chaperones can be recombinant^' over-expressed in the 
same cell and, rather than being toxic, can increase the expression of heterologous 
5 proteins to levels higher than the levels obtained by individual expression of either 
of the chaperones. This was not expected. On the contrary, in light of the 
teaching of Bao et al, one would think that over-expression of two chaperones 
would be even more toxic than the over-expression of one. Moreover, in light of 
the earlier f indings of the present invention, it was expected that the increases in 
10 heterologous protein expression obtained by co-expression with a single 
chaperone would be at the maximum level possible for the cell system used 
Therefore, it was particularly surprising to find that yet further increases in 
heterologous protein expression could be obtained by co-expression of two 
different chaperones with the heterologous protein. 

Accordingly, as a fifth aspect of the present invention there is provided a method 
for producing heterologous protein comprising providing a host cell (such as 
defined above) comprising a first recombinant gene encoding a protein comprising 
the sequence of a first chaperone protein, a second recombinant gene encoding a 
protein comprising the sequence of a second chaperone protein and a third 
recombinant gene encoding a heterologous protein, wherein the first and second 
chaperones are different; culturing the host cell in a culture medium under 
conditions that allow the expression of the first, second and third genes; and 
optionally purifying * the thus expressed heterologous protein from the cultured 
host cell or the culture medium; and further optionally, lyophilising the thus 
purified protein. 

The method may further comprise the step of formulating the purified 
heterologous protein with a carrier or diluent and optionally presenting the thus 
formulated protein in a unit dosage form, in the manner discussed above. 
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The term "recombinant gene." includes nucleic acid sequences that operate 
independently as t; stand alone" expressible sequences to produce an encoded 
protein or. in the alternative, nucleic acid sequences introduced that operate in 
combination with endogenous sequences (such as by integration into an 
endogenous sequence so as to produce a nucleic acid sequence that is different to 
the endogenous sequence) within the host to cause increased expression of a target 
protein. 

The first and second chaperones may be a chaperone as discussed above, and are a 
combination of chaperones that, when co-expressed in the same host cell, provide 
an additive effect to the increase in expression of the heterologous protein. By 
"additive effect" we include the meaning that the level of expression of the 
heterologous protein in the host cell is higher when the first and second 
recombinant ^enes are simultaneously co-expressed with the third recombinant 
gene as compared to the same system wherein (i) the first recombinant gene is co- 
expressed with the third recombinant gene in the absence of the expression of the 
second recombinant gene and (ii) the second recombinant gene is co-expressed 
with the third recombinant gene in the absence of the expression of the first 
recombinant gene. 

One preferred chaperone is protein disulphide isomerase. Another preferred 
chaperone is ORM2 or a fragment or variant thereof In a particularly preferred 
embodiment, the fist and second chaperones are protein disulphide isomerase and 
ORM2 or a fragment or variant thereof. 

The first, second and third recombinant genes may each individually be present on 
aplasmid within the host cell (such as a 2pm-faniily plasmid, as discussed above) 
or be chrqmosomally integrated within the genome of the host cell. It will be 
appreciated that any combination of plasmid and chromosomal^ integrated first 
second and third recombinant genes may be used. For example, the first, second 
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and third recombinant genes may each individually be present on a plasmid, and 
this may be either the same plasmid or different plasmids. Alternatively, the first 
recombinant gene may be present on a plasmid, and second and third recombinant 
genes may be chromosomally integrated within the genome of the host cell. 
Alternatively, the first and second recombinant genes may be present on a plasmid 

■ » 

and the third recombinant gene may be chromosomally integrated within the 
genome of the host cell. Alternatively, the first and third recombinant genes may 
be present on a plasmid and the second recombinant gene may be chromosomally 
integrated within the genome of the host cell. Alternatively, the first and second 
recombinant gene may be chromosomally integrated wi thin the genome of the 
host cell and the third recombinant gene may be present on a plasmid. 
Alternatively, the first, second and third recombinant genes may each individually 
be chromosomally integrated within the genome of the host cell. 

Particularly preferred plasmids are those defined above in respect of earlier 
aspects of the present invention. Accordingly, the present invention also provides 
a plasmid as defined above wherein the plasmid comprises two different genes 
(the first and second recombinant genes) encoding different chaperones. In one 
preferred embodiment, the plasmid may further comprise a gene encoding a 
heterologous protein (the third recombinant gene), such as a heterologous protein 
as described above. 

In a sixth aspect of the present invention there is provided a method for producing 

a heterologous protein, such as a heterologous protein as defined above for an 

earlier aspect of the present invention, comprising: providing a host cell 

comprising a first recombinant gene encoding the protein comprising the sequence 

of ORM2 or a variant thereof and a second recombinant gene encoding a 

heterologous protein; culturing the host cell in a culture medium under conditions 

that allow the expression of the first and second genes; and purifying the thus 

expressed heterologous protein from the cultured host cell or the culture medium; 

and optionally, lyophilising the thus purified protein; and optionally formulating 
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the purified heterologous protein with a carrier or diluent; and optionally 
presenting the thus formulated protein in a unit dosage fonn.. 

hi the manner discussed above, the host cell may further comprise a further 
5 recombinant gene encoding a protein comprising the sequence of an alternative 
chaperone to ORM2 or a variant thereof. 

Either or both of the first and second recombinant genes may be expressed from a 
plasrnid, and preferably from the same plasmid. A further recombinant gene 
10 encoding a protein comprising the sequence of an alternative chaperone to ORM2 
or a variant thereof may also be expressed from a plasmid, preferably from the 
same plasmid as either or both of the first and second recombinant genes. The 
plasmid may be a 2 urn-family plasmid, such as the 2pm plasmid, 

15 The present invention also provides, in a seventh aspect, for the use of a nucleic 
acid sequence encoding the protein ORM2 or a variant thereof to increase the 
production, in a host cell, of a heterologous protein encoded by a recombinant 
aene in the host cell by co-expression of the nucleic acid sequence and the 
recombinant gene within the host cell. Either or both of the nucleic acid sequence 

20 and the recombinant gene encoding the heterologous protein may be expressed 
from a plasmid within the host cell, and preferably from the same plasmid. hi the 
manner discussed above, the host cell may further comprise a recombinant gene 
encoding an alternative chaperone to ORM2 or a variant thereof, which may be 
located on a plasmid within the host cell, preferably on the same plasmid as either 

25 or both of the nucleic acid sequence and the recombinant gene encoding the 
heterologous protein. Suitable plasmids include a 2pm-faruily plasmid, such as 
the 2pm plasmid, as discussed above. 

In an eighth aspect of the present invention mere is also provided the use of a 
30 plasmid as an expression vector to increase the production of a heterologous 
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protein by providing a recombinant gene encoding the heterologous protein and a 
gene encoding ORM2 or a variant thereof on the same plasmid. The plasmid may 
further comprise a gene encoding an alternative chaperone to 0RM2 or a variant 
thereof in the manner discussed above. Suitable plasmids include a 2um-farnily 
5 plasmid, such as the 2pm plasmid, as discussed above. 

Accordingly, in a ninth aspect, the present invention also provides a plasmid, 
preferably an expression plasmid, comprising a first gene encoding the protein 
ORM2 or a variant or fragment thereof and a second gene encoding a 
10 heterologous protein, as discussed above. The plasmid may further comprise a 
third gene encoding an alternative chaperone to ORM2 or a. variant thereof. In a 
preferred embodiment, the third gene encodes a protein comprising the sequence 
of protein disulphide isomerase. 



15 We have also demonstrated that a plasmid-borne gene encoding a protein 
comprising the sequence of an "essential" chaperone, such as PDI, can be used to 
stably maintain the plasmid in a host cell that, in the absence of the plasmid, does 
not produce the chaperone, and simultaneously increase the expression of a 
heterologous protein encoded by a recombinant gene within the host cell. This 
system is advantageous because it allows the user to minimise the number of 
recombinant genes that need to be carried by a plasmid. For example, typical 
prior art plasmids carry marker genes (such as those as described above) that 
enable the plasmid to be stably maintained during host cell culturing process. 
Such marker genes need to be retained on the plasmid in addition to any further 
genes that are. required to achieve a desired effect However, the ability of 
plasmids to incorporate exogenous DNA sequences is limited and it is therefore 
advantageous to minimise the number of sequence insertions required to achieve a 
desired effect. Moreover, some marker genes (such as auxotrophic marker genes) 
require the culturing process to be conducted under specific conditions in order to 
obtain the effect of the marker gene. Such specific conditions may not be optimal 
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for cell crouch or protein production, or may require inefficient or unduly 
expensive growth systems to be used. 

For the purpose of increasing heterologous gene expression, we have found that it 
5 is possible to use a gene that recombinantly encodes a protein comprising the 
sequence of an ^essential" chaperone for the dual purpose of increasing the 
production of a heterologous protein in a host cell and in the role of a selectable 
marker on a plasrnid, where the plasrnid is present within a cell that, in the 
absence of the'plasmid, is unable to produce the chaperone. This system has the 

10 advantage that it minimises the number of recombinant genes that need to be 
carried by the plasrnid. The s}'stem also has the advantage that the host cell can be 
cultured under conditions that do not have to be adapted for any particular marker 
gene 5 without loosing plasrnid stability. For example, host cells produced using 
this system can be culture in rich media, which may be more economical than the 

15 minimal media that is commonly used to give auxotrophic marker genes their 
effect. 

Accordingly, in a tenth aspect, the present invention also provides a host cell 
comprising a plasrnid, the plasrnid comprising a gene that encodes an essential 
20 chaperone wherein, in the absence of the plasrnid, the host cell is unable to 
produce the chaperone. Preferably, in the absence of the plasrnid the host cell is 
inviable. The host cell ' may further comprise a recombinant gene encoding a 
heterologous protein, such as those described above in respect of earlier aspects of 
the invention. 

25 . 

The present invention also provides, in a eleventh aspect, a plasrnid comprising, as 

the sole selectable marker, a gene encoding an essential chaperone. The plasrnid 
may further comprise a gene encoding a heterologous protein. The plasrnid may 
be a 2pm-fanvily plasrnid. 

30 
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The present invention also provides, in a twelfth aspect, a method for producing a 
heterologous protein comprising the steps of: providing a host cell comprising a 
plasmid, the plasmid comprising a gene that encodes" an essential chaperone 
wherein, in the absence of the plasmid, the host cell is unable to produce the 
5 chaperone and wherein the host cell further comprises a recombinant gene 
encoding a heterologous protein; culturing the host cell in a culture medium under 
conditions that allow the expression of the essential chaperone and the 
heterologous protein; and optionally purifying the thus expressed heterologous 
protein from the cultured host cell or the culture medium; and further optionally, 
10 lyophilising the thus purified protein. 

The method may further comprise the step of formulating the purified 
heterologous protein with a carrier or diluent and optionally presenting the thus 
formulated protein in a unit dosage form, in the manner discussed above. In one 
15 preferred embodiment, the method involves culturing the host cell in non-selective 
media, such as a rich media. 

We have surprising also found that different PDI genes have the ability to increase 
the expression of heterologous proteins by different amounts under particular 
20 culture conditions. In particular, as discussed in Example 8, we have shown that 
the SKQ2n PDI1 gene provides for higher heterologous protein expression than 
the S288c PDI1 gene, when the host cells are cultured in minim al media. 

The sole difference between the encoded proteins of the SKQ2n PDI1 and S288c 
25 PDI1 genes is that SKQ2n comprises the additional amino acids EADAEAEA at 
positions 506-513 (positions as defined with reference to Genbank accession no. 
CAA38402, as given above). 

The differences between the gene sequences used are shown in the sequence 
30 alignment given in Figure 94 and can be summarised as follows - 
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♦ The promoter of SKQ2n includes a run of fourteen "TA" repeats, whereas 
the promoter of S288c only has twelve "TA" repeats; 

* Ser41 is encoded by TCT in SICQ2n s but by TCC in S288c: 



• Glu44 is encoded by GAA in SKQ2n but by GAG in S288c* 



• Leu262 is encoded by TTG in SKQ2n but by TTA in S288c: 



• Asp514 is encoded by GAC in SKQ2n but the homologous Asp506 is 
encoded fay GAT in S2S8c: 



• The terminator sequence of SKQ2n contains a run of S consecutive "A" 
bases, whereas the terminator sequence of S288c contains a run of 7 
consecutive "A" bases and does not include an "A 55 base at the equivalent 
of position 1880 in the SKQ2n gene; 



• The terminator sequence of SKQ2n has a £i C 5: at position 1919, whereas 
the terminator sequence of S288c has a "T* at the equivalent position. 

It may be advantageous to include any or all of the above mentioned features of 
the SKQ2n gene in a PDI gene of choice, in order to achieve the observed increase 
in heterologous protein expression when the host cells are cultured in minimal 
media. 



Accordingly, in a thirteenth aspect, there is also provided a nucleotide sequence 
encoding a protein disulphide isomerase, for use in increasing the expression of a 
heterologous protein in a host cell by expression of fee nucleotide sequence within 
the host cell, which host cell is cultured in minimal media, wherein the nucleotide 



75 



» • 



WO 2005/0(51718 

PCT/GB2004/005462 



sequence encoding the protein disulphide isomerase is characterised in that it has 
at least one of the following characteristics — 

• the nucleotide sequence comprises a promoter having the sequence of a 
5 natural PDI promoter or a functional variant thereof and comprises a run of 

fourteen "TA" repeats; or 

• the encoded protein disulphide isomerase comprises the amino acids 
EADAEAEA or a conservatively substituted variant thereof, typically at 
positions 506-513 as denned with reference to Genbank accession no. 

10 CAA38402; or 

• residue Ser41 of the encoded protein disulphide isomerase is encoded by 
the codon TCT; or 

• residue Glu44 of the encoded protein disulphide isomerase is encoded by 
the codon GAA; or 



15 



20 



residue Leu262 of the encoded protein disulphide isomerase is encoded by 
codon TTG; or 

residue Asp514 of the encoded protein disulphide isomerase is encoded by 
codon GAC; or 

the nucleotide sequence comprises a terminator sequence having the 
sequence of a natural PDI terminator or a functional variant thereof and 
either comprises a run of 8 consecutive "A" bases and/or the base "C" at 
position 1919 (as defined by reference to position 1919 of the natural 
SKQ2n terminator sequence). 



25 The present invention also provides, in a fourteenth aspect, a method for 
producing a heterologous protein comprising the steps of: providing a host cell 
comprising a recombinant gene that encodes a protein disulphide isomerase and 
having the sequence of the above-defined nucleic acid sequence, the host cell 
further comprising a recombinant gene encoding a heterologous protein; culturing 
30 the host cell in a' minimal culture medium under conditions that allow the 

76 



WO 2005/01.17 IS PCT/CIS2O04/0O546 



expression of the protein disulphide isomsrase and the heterologous protein; and 
optionally purifying the thus expressed heterologous protein from the cultured 
host cell or the culture medium; and further optionally, lybphilising the thus 
purified protein; and optionally further formulating the purified heterologous 
protein with a carrier or diluent; and optionally presenting the thus formulated 
protein in a unit dosage form, in the manner discussed above. 

The genes encoding, the PDI and heterologous protein can be provided in the 
manner described above in respect of other embodiments of the present invention. 

We have also found that the effects of recornbinantly-provided chaperones 
according to the other embodiments of the present invention can be modulated by 
modifying the promoters that control the expression levels of the chaperone(s). 
Surprisingly we have found that, in some cases, shorter promoters result in 
increased heterologous protein expression. Without being bound by theory we 
believe that this is because the expression of a recombinant chaperone hi host cells 
that already express heterologous proteins at high levels can cause the cells to 
overload themselves with heterologously expressed protein, thereby achieving 
little or no overall increase in heterologous protein production. In those cases, it 
may be beneficial to provide recombinant chaperone genes with truncated 
promoters. 

Accordingly, in a fifteenth aspect of the present invention there is provided a 

polynucleotide (such as a plasmid as defined above) comprising the sequence of a 

promoter operably connected to a coding sequence encoding a chaperone (such as 

those described above), for use in increasing the expression of a heterologous 

protein (such as those described above) in a host cell (such as those described 

above) by expression of the polynucleotide sequence within the host cell, wherein 

the promoter, is characterised in that it achieves a modified, such as a higher or 

lower, level of expression of the chaperone than would be achieved if the coding 

sequence were to be operably connected to its naturally occurring promoter. 
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Hie present invention also provides, in a sixteenth aspect, a method for producing 
a heterologous protein comprising the steps of: providing a host cell comprising a 
recombinant gene that comprising the sequence of promoter operably connected to 
5 a coding sequence encoding a chaperone, the promoter being characterised in that 
it achieves a lower level of expression of the chaperone than would be achieved if 
the coding sequence were to be operably connected to its naturally occurring 
promoter, and the host cell further comprising a recombinant gene encoding a 
heterologous protein; culturing the host cell under conditions that allow the 
1 0 expression of the chaperone and the heterologous protein; and optionally purifying 
the thus expressed heterologous protein from the cultured host cell or the culture 
medium; and further optionally, lyophihsing the thus purified protein; and 
optionally further formulating the purified heterologous protein with a carrier or 
diluent; and optionally presenting the thus formulated protein in a unit dosage 
15 form, in the manner discussed above. 

As is apparent from the examples of the present application, the combination of 
recombinantly expressed PDI and transferrin-based proteins provides a 
surprisingly high level of transferrin expression. For example, transferrin 
:0 expression in a system that includes a chromosomally encoded recombinant PDI 
gene provided a 2-fold increase (compared to a control in which there is no 
chromosomally encoded recombinant PDI gene). This increase was 5-times 
greater than an equivalent system comprising a recombinant gene encoding human 
albumin in place of the recombinant transferrin gene. 



25 
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The host may be any cell type, such as a prokaryotic cell (e.g. bacterial cells such 
as K coli) or a eukaryotic cell. Preferred eukaryotic cells include fungal cells, 
such as yeast cells, and mammalian cells. Exemplary yeast cells are discussed 

a 

above. Exemplary mammalian cells include human cells. 
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Host cells as described above can be. cultured to produce recombinant transferrin- 
based proteins. The thus produced transferrin -based proteins can be isolated from 
the culture and purified, preferably to a pharmaceutical^' acceptable level of 
purity, for example using techniques known in the art and/or as set out above. 
Purified transferrin-based proteins may be formulated with a pharmaceutical!}' 
acceptable carrier or diluent and may be presented in unit dosage form 

The present invention will now be exemplified with reference to the following 
non-limiting examples and figures. 

BRIEF DESCRIPTION OF TELE FIGURES 

Figures 1, 2, 4, 6 to 15, 22 ? 25, 27 to 52, 57 to 71, 74, 75, 77 to 19, 81 to S3, 85 
to 91, 95 and 96 show various plasmid maps. 

Figure 3 shows plasmid insertion sites. 

Figure 5 shows a restriction map of a DNA fragment containing the PDI coding 
sequence. 

Figure 16 shows the results of rocket Immunoelectrophoresis (RTF.) determination 
of increased recombinant transferrin (N413Q, N61 1Q) secretion with PDI1 over- 
expression. Cryopreserved yeast stocks were grown for 4-days in lOraL BMMD 
shake flask cultures and supernatants were loaded at 5pJL per well. Goat 
polyclonal anti-transferrin (human) antiserum (Calbiochem) was used at 40jxL per 
rocket Immunoelectrophoresis gel (50mL). A = Control strain [pSAC35] 5 
duplicate flasks; B = Control strain [pDB2536], duplicate flasks: C = Control 
strain [pDB2711j ; neat to 40-fold aqueous dilutions; D = Control strain 
(pDB2931] 5 duplicate flasks; E = Control strain [pDB2929], neat to 40-fold 
aqueous dilutions. 



79 



I 1 



WO 2005/061718 

PCT/CB2004/005462 

Figure 17 shows the results of RIE analysis of recombinant transferrin (N413Q, 
N611Q) secretion with and without PDI1 over-expression. Cryopreserved yeast 
stocks were grown for 4-days in lOmL BMMD shalce flask cultures and 
5 supernatants were loaded at 5\xL per well. Duplicate loadings were made of 
supernatants from two individual cultures of each strain. Goat polyclonal anti- 
transferrin (human) antiserum (Calbiochem) was used at 40p.L per rocket 
immunoelectrophoresis gel (50mL). A = Control strain [pSAC35]; B = Control 
strain [pDB2536]; C = Control strain [pDB2711]; D = Control strain [pDB2931]; 
10 E = Control strain [pDB2929], 

Figure 18 shows the results of SDS-PAGE analysis of recombinant transferrin 
secretion with and without PDI1 over-expression. BMMD shalce flask cultures 
were grown for 4-days and 10p,L supernatant analysed on non-reducing SDS- 
15 PAGE (4-12% NuPAGE® MOPS buffer, InVitrogen) with GelCode® Blue 
reagent (Pierce). SeeBlue Plus2 Markers (InVitrogen). 1 = pDB2536; 2 = 
. pDB2536; 3 = pDB2711; 4 = pDB2711; 5 = pDB2931; 6 = pDB2931; 7 = 
pDB2929; 8 = pDB2929; 9 = pSAC35 control. 

20 Figure 19 shows RIE analysis of recombinant transferrin secretion from S. 
cerevisiae strains with an additional integrated copy of PDIL 5-day BMMD shake 
flask culture supernatants were loaded at 5mL per well. Strains contained: 1) 
pSAC35 (negative control); 2) pDB2536 (recombinant non-glycosylated 
transferrin (N413Q, N611Q)) or 3) pDB2506 (same as plasmid pDB2536 but the 

25 transferrin ORF encodes transferrin without the N^Q mutations at positions 413 
and 61 1, i.e. recombinant glycosylated transferrin). Each well contained a sample 
derived from an individual transfoimant Standards were human plasma holo- 
transferrin (Calbiochem) at 100, 50, 20, 10, 5 and 2mg.I/\ 
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Figure 20 shows ME analysis of recombinant transferrin secretion from Strain A 
[pDB2536] and Strain A [pDB2506] grown in shalce flask culture. 5-day BMMD 
or YEPD shalce flask culture supernatants were loaded in duplicate at 5mL per 
well. 



10 
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20 
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Figure 21 shows SDS-PAGE analysis of recombinant transferrin secreted from 
Strain A [pDB2536] and Strain A [pDB25Q6] grown in shalce flask culture. 
Cultures were grown for 5-days in BMMD and 30mL supernatants analysed on 
SDS-PAGE (4-12% NuPAGE™, MOPS Buffer, InVitrogen) stained with 
GelCode, Blue Reagent (Pierce). 1) Strain A [pDB2536] transformant 1; 2) Strain 
A [pDB2536] transformant 2; 3) Strain A [pSAC3 5] control; 4) Strain A 
[pDB2506] transformant 1; 5) SeeBlue, Plus2 Protein Standards (approdmate 
molecular weights only). 

Figure 23 shows RIE of recombinant transferrin secreted from S. cerevisiae 
strains with different PDI1 copy numbers. 3-day BMMD shalce flask culture 
supernatants were loaded at 5mL per well. Goat polyclonal anti-transferxin 
(human) antiserum (Calbiochem) was used at 30mL per rocket 
immunoelectrophoresis gel (50mL). (A) supernatant from S. cerevisiae control 
strain [pDB2711] or [pDB2712]; (B) supernatant from Strain A [pDB2536]: (C) 
supernatant from control strain [pDB2536]. 

Figure 24 shows SDS-PAGE analysis of recombinant transferrin secreted from & 
cerevisiae strains with different PDI1 copy numbers. 4-12% NuPAGE reducing 
gel run with MOPS buffer (InVitrogen) after loading with 30mL of 3 -day BMMD 
shalce flask culture supernatant per lane; (lane 1) supernatant from control strain 
[pDB2536]; (lane 2) supernatant from Strain A [pDB2536]; (lanes 3-6) 
supernatant from control strain [pDB2711] or [pDB2712]; (lane 7) molecular 
weight markers (SeeBlue Plus2, InVitrogen). 
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Figure 26 shows RIE of recombinant transferrin secreted from different- & 
cerevisiae strains with and without additional PDI1 gene co-expression. lOmL 
YEPD shalce flasks were inoculated with yeast and incubated for 4-days at 30°C. 
5pL culture supernatant loaded per well of a rocket innnunoelectrophoresis gel. 

Plasma Tf standards concentrations are in ug/mL. 20p.L goat anti-Tf / 50mL 

agragose. Precipin was stained with Coomassie blue. 

Figure 53 shows RIE analysis of rHA expression in different S. cerevisiae strains 
when co-expressed with PDI1 genes having different length promoters. 10mL 
YEPD shake flasks were inoculated with yeast and incubated for 4-days at 30°C. 
4pX culture supernatant loaded per well of a rocket immunoelectrophoresis gel. 
rHA standards concentrations are in ug/mL. 400uL goat anti-HA (Sigma product 
A-115I resuspended in 5mL water) /50mL agarose. Precipin was stained with 
Coomassie blue. 



Figure 54 shows RIE analysis of rHA expression in different S. cerevisiae strains 
when co-expressed with PDII genes having different length promoters. 10mL 
YEPD shalce flasks were inoculated with yeast and incubated for 4-days at 30°C. 

4pX culture supernatant loaded per well of a rocket immunoelectrophoresis gel. 

rHA standards concentrations are in ug/mL. 400 M L goat anti-HA (Sigma product 

A-1151 resuspended in 5mL water) /50mL agarose. Precipin was stained with 

Coomassie blue. 

Figure 55 shows RIE analysis of rTF expression, when co-expressed with 
different PDII constructs. lOmL BMMD shalce flasks were inoculated with yeast 
and incubated for 4-days at 30°C. 5uL culture supernatant was loaded per well of 
a rocket immunoelectrophoresis gel containing 25pX goat anti-Tf / 50mL. Plasma 

Tf standards concentrations are in pg/mL. Precipin was stained with Coomassie 
blue. 
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Figure 56 shows RJE- analysis of rTF expression., when co-expressed with 
different PDI1 constructs. ]0mL YEPD shalce flasks were inoculated with .yeast 
and incubated for 4-days at 30 D C. 5uL culture supernatant was loaded per well of 
a rocket Immunoelectrophoresis gel containing 25uL goat anti-Tf / 50ml_. Plasma 
5 Tf standards concentrations are in ug/mL. Precipin was stained with Coomassie 
blue. 



Figure 72 shows PJE analysis of rHA fusion proteins with and without co- 
expressed recombinant PDIl. lOrnL BMMD shalce flasks were inoculated with 
) YBX7 transformed with albumin fusion expression plasmids and incubated for 4- 
days at 30°C. 4/j.L culture supernatant loaded per well of a rocket 
immunoelectrophoresis gel. rHA standards concentrations are in p.g/mL. 200uL 
goat anti-HA (Sigma product A-1151 resuspended in 5mL water) /50mL agarose. 
Precipin was stained with Coomassie. blue. 

Figure 73 shows SDS-PAGE anabysis of recombinant albumin fusion secretion 
with and without PDIl present on the expression plasmid. 1 OmL BAfMD shake 
flasks were inoculated with yeast and incubated for 4-da)'s at 30°C, 200rpm 30u.L 
supernatant analysed on non-reducing SDS-PAGE (4-12% NuPAGE®, MES 
buffer, InVitrogen) with GelCode® Blue reagent (Pierce). 1 = SeeBJue Plus2 
Markers (hiVitrogen); 2 = lug rHA; 3 = angiostatin-rHA; 4 - angiostatin-rPlA + 
PDIl; 5 = endostatin-rHA: 6 = endostatin-rHA + PDIl; 7 = DX-S90-(GGS) 4 GG- 
rHA; S = DX-890-(GGS) 4 GG-rHA + PDIl; 9 = DPI-14-(GGS) 4 GG-rHA; 10 = 
DPI-14-(GGS) 4 GG-rHA + PDIl; 1 1 = Axokine™ (CNTF Axl5 )-(GGS) 4 GG-rHA 
(Lambert et al, 2001, Proc. Natl. Acad. Sci. USA, 98, 4652-4657); 12 = 
Axokine™ (CNTFa., i 5 ) -(GGS)„ GG-rHA + PDII 

Figure 76 shows PJE analysis demonstrating increased transferrin secretion from 

S. cerevisiae with ORM2 co-expression from a 2p.m-based plasmid. Four day 

shake flask culture supemantants were loaded at 5ul per well. Standards were 
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human plasma holo-transferriB (Calbiochem), at 25 5 20, 15, 10, 5 p.g/nil, loaded 
5p.l per well. Goat polyclonal anti-transferrin (human) antiserum (Calbiochem) 
used at 20 fil per rocket Immunoelectrophoresis gel (50 ml). 

Figure 80 shows RLE analysis demonstrating increased transferrin secretion from 
£ cerevisiae with PSE1 co-expression from a 2pm-based plasmid. Four day 
shake flask culture supemantants were loaded at 5 pi per welL Standards were 
human plasma holo-transferrin (Calbiochem), at 25, 20, 15, 10, 5 fig/ml, loaded 
5pl per well. Goat polyclonal anti-transferrin (human) antiserum (Calbiochem) 
used at 20pl per rocket immunoelectrophoresis gel (50 ml). 

Figure 84 shows RTE analysis demonstrating increased transferrin secretion from 
S. cerevisiae with SSA1 co-expression from a 2/Jxn-based plasmid. Four day shake 
flask culture supemantants were loaded at 5 pi per well. Standards were human 
plasma holo-transferrin (Calbiochem), at 25, 20, 15, 10, 5 fxg/ml, loaded 5plper 
well. Goat polyclonal auti-tmnsferrin (human) antiserum (Calbiochem) used at 
20pl per rocket immunoelectrophoresis gel (50 mi). 

# 

Figure 92 shows the results of REE. lOmL YEPD shake flasks were inoculated 
with DXYl ti-plA [pDB2976], DXY1 tiplA [pDB2977], DXYl trplA 
[pDB2978], DXYl trplA [pDB2979j, DXYl trplA [pDB2980] or DXYl trplA 
[pDB2981] transformed to tryptophan prototrophy with a 1.41kb NotVPstl 
pdil::TRPl disrupting DNA fragment was isolated from pDB3078. 
Transformants were grown for 4-days at 30°C, 200rpm. 4pL culture supernatant 
loaded per well of a rocket immunoelectrophoresis gel. rHA standards 
concentrations are in fig/mL. 700/j.L goat anti-HA (Sigma product A-1151 
resuspended in 5mL water) /50mL agarose. Precipin was stained with Coomassie 
blue. Isolates selected for further analysis are indicated (*). 
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Figure 93 shows the results of PJE. lOnxL YEPD shake flasks were inoculated 
with DXY1 [pBB2244] 5 DXY1 [pDE2976], DXYJ nyi/J pdil::TRPl 
[pDB2976] ? DXY1 [pDB2978], DXY1 n;p7/\ pdU::TRPl [pDB2978] : DXYl 
[pDB29S0], DXYl pdilr.TRFl [pDB2980] ? DXY1 [pDB2977] : DXY1 

r/pi/l P dil::TRPl [pDB2977] ? DXY1 [pDB2979] DXY1 nyi/i pdil:;TKPl 
[pDB2979] 5 DXY1 [pDB2981] and DXY1 /7^7/\ pdilr.TRFl [pDB2981] 5 and 
were grown for 4-daj'S at 30°C 3 200rpm. 4p.L culture supernatant loaded per well 
of a rocket Immunoelectrophoresis gel. rHA standards concentrations are in 
|ja/mT,. 800pL goat anti-HA (Sigma product A-l 15 1 resuspended in 5mL water) 
/50ruL. agarose. Precipin was stained with Coomassie blue. Isolates selected for 
further analysis are indicated (*) 

Figure 94 shows a sequence alignment of the SKQ2n and S288c gene sequences 
with long promoters, as described in Example 6. 

EXAMPLES 

Two types of expression cassette have been used to exemplify secretion of a 
recombinant human transferrin mutant (N413Q, N6L1Q) from S. cerevisiae. One 
type uses a modified HSA(pre)/MFal(pro) leader sequence (named the "modified 
fusion leader" sequence). The second type of expression cassette uses only the 
modified HS A(pre) leader sequence. 

The 24 amino acid sequence of the "modified fusion leader 1 ' is 
MKWVFIVS ILFLFS SAYS RSLDKR. . 

The 18 amino acid sequence of the modified HSA(pre) leader sequence is 
MKWVFIVS ILFLFS SAYS . 
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Transferrin (N413Q, N611Q) expression using these two cassettes has beeu 
studied in S. cerevisiae using the 2um expression vector with and without an 
additional copy of the S. cerevisiae PDI gene, PDU. 

EXAMPLE 1 



10 



15 



Construction of expression plasmids 

A 52-h P linker made by annealing 0.5mM solutions of ohgonucleotides CF86 and 
CF87 (see below) was introduced into the US-region of the 2um plasmid P SAC35 
at the X CW I-sites in the 599-bp inverted repeats. One Xcml-site cuts 51-bp after 
the REP2 translation termination codon, whereas the other Xcml-site cuts 127-bp 
before the end of the FLP coding sequence, due to overlap with the inverted repeat 
(see Figure 3). This DNA linker contained a core region "SnaBI-Pacl-Fsel/Sftl. 
Smal-SnaBV\ which encoded restriction sites absent from pSAC35. 

XcmL Linker (CF86+CF87) 

Sfil 



20 



PacI SnaBI 



SnaBI . Fsel smal 



25 



30 



CF86 GGAGTGGTA CGTATTAATT AAGGCCGGCC AGGCCCGGGT ACGTACCAAT TGA 
CFS7 TCCTCACCAT GCATAATTAA TTCCGGCCGG TCCGGGCCCA TGCATGGTTA AC 

Plasmid pSAC35 was partially digested with Xcml, the linear H- kb fragment was 
isolated from a 0.7%(w/v) agarose gel, ligated with the CF86/CF87 Xcml linlcer 
(neat, 10' 1 and 10" 2 dilutions) and transformed into E. coli DH5a. Ampicillin 
resistant transfonnants were selected and screened for the presence of plasmids 
that could be linearised by Smal digestion Restriction enzyme analysis identified 
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pDB2688 (Figure. 4) with the linker cloned into the Jicml-she after ££F2. DNA 
sequencing using oligonucleotides primers CFCS, CF98 and CF99 (Table ]) 
confirmed the insertion contained the correct linker sequence. 

Table 1 



Oligonucleotide sequencing primers: 



Primer 


Description 




Sequence 1 


CF88 


REP2 primer, 20mer 




-ATCACGTAATACTTCTAGGG-3 ' 1 


CF98 


REP 2 primer, 20mer 


5'- 


AGAGTGAGTTGGAAGGAAGG-3 * j 


CF99 

- 


REP2 primer, 20mer 


5 T 


-AGCTCGTAAGCGTCG1TACC-3 ' I 



The yeast strain was transformed to leucine proto trophy using a modified lithium 
acetate method (Sigma yeast transformation kit, YEAST- 1, protocol 2; (Ito et al, 
1983, J. BacterioL, 153, 163; Elble, 1992, Biotechnigues, 13 ; 18)). Transformants 
were selected on BMMD-agar plates, and were subsequent^' patched out on 
BMMD-agar plates. Cryopreserved trehalose stocks were prepared from lOmL 
BMMD shake flask cultures (24 hrs, 30°C ; 200rpm), by addition of an equal 
volume of sterile 40% (w/v) trehalose 

The composition of YEPD and BMMD is described by Sleep et aL 9 2002, Yeast, 
18, 403. YEPS and BMMS are similar in composition to YEPD and BMMD 
accept that 2% (w/v) sucrose was substituted for the 2% (w/v) glucose as the sole 
initial carbon source. 
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The S. cerevisiae PDI1 gene was cloned into the Jfcml-linker of pDB2688. The 
PDI1 gene (Figure 5) was cloned on a 1.9-kb Sacl-Spel fragment from a larger S. 
cerevisiae genomic SKQ2n DNA fragment containing the PDI1 gene (as provided 
in the plasmid pMA3a:C7 that is described in US 6,291,205 and also described as 
Clone C7 in Crouzet & Tuite, 1987, Mol Gen, Genet, 210, 581-583 and Farquhar 
et al, 1991, supra), which had been cloned into YIplac21 1 (Gietz & Sugino, 1988, 
Gene, 14, 527-534), and had a synthetic DNA linker containing a Sacl restriction 
site inserted at a unique Bsu361-site in the 3 5 untranslated region of the PDI1 gene. 
The 1.9-kb Sacl-Spel fragment was treated with T4 DNA polymerase to fill the 
Spel 5' -overhang and remove the Sacl 3 '-overhang. This PDI1 fragment included 
212-bp of the PDI1 promoter upstream of the translation initiation codon, and 
148-bp downstream of the translation termination codon. This was ligated with 
Smal linearised/calf intestinal alkaline phosphatase treated pDB2688, to create 
plasmid pDB2690 (Figure 6), with the PDI1 gene transcribed in the same 
direction as REP2. A S. cerevisiae strain was transformed to leucine prototrophy 
with pDB2690. 

« 

An expression cassette for a human transferrin mutant (N413Q, N611Q) was 
subsequently cloned into the Nofl-site of pDB2690 to create pDB271 1 (Figure 7). 
The expression cassette in pDB271 1 contains the S. cerevisiae PRE J promoter, an 
HSA/MFoc fusion leader sequence (EP 387319; Sleep et al, 1990, Biotechnolog)> 
(N.Y.J, 8, 42) followed by a coding sequence for the human transferrin mutant 
(N413Q, N611Q) and the S. cerevisiae ADH1 terminator. Plasmid pDB2536 was 
constructed similarly by insertion of the same expression cassette into the Notl- 
site ofpSAC35 T 

The "modified fusion leader" sequence used in pDB2536 and pDB271 1 comprises 
•a modified HSA-pre sequence and a MFal-pro sequence. An alternative leader 
sequence used was the modified HSA-pre sequence, which was derived from the 
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modified fusion leader sequence by removal of the six residues of the KtFal-pro 
sequence. 

The modified fusion leader sequence in pDB2515 (Figure 8) was mutated with 
5 oligonucleotides CF154 and CF155 to delete the coding sequence for the six 
residues (RSLDKR) of the MFal-pro region. This was performed according to 
the instruction manual of the Statagene's QuickChange™ Site -Directed 
Mutagenesis Kit pDB2515 is the R coli cloning vector pGEM-7Z(-) (Promega) 
containing the 2940-bp Notl-Hin&LU (partial) DNA fragment of pDB2529 (see 
10 below) iigated between the PspOMl and HindHL sites. 

CF154 

5 ' -GTTCTTGTTCTCCTCTGCTTACTCTGTCCCTGATAAAACT"GTGAGATGG-3 ' 
15 CF155 

5 ' - C C AT C T C AC AGT T T TAT C AG G G AC AG AG T AAG C AG AG GAG AAC AAG AAC - 3 ' 

Competent E. coli DH5a cells were transformed with the mutated plasmids and 
ampicillin resistant colonies were selected. Plasmid DNA from these colonies 

20 was screened by double digestion with EcciRI and BgUL The correct DNA 
sequence for the modified HSA-pre leader was subsequently confirmed in 
pDB2921 (Figure 9) over a 386-bp region between the AJIU and BamKl sites 
either side of the leader sequence. This 3S6-bp AJIU-BamHI fragment was 
isolated, and Iigated with a 6 5 081-bp AflH-BamHl fragment from pDB2529 

25 (Figure 10), prepared b}' partial digestion with BamJU and complete digestion 
with AJIU. and calf intestinal alkaline phosphatase. pDB2529 is the E. coli cloning 
vector pBST(+) (Sleep et al 9 2001, Yeast, 18, -403-441) containing the transferrin 
expression cassette of pDB2536 cloned into the unique JVbfl-site. Tins produced 
pDB2928 (Figure 1 1), which was isolated from ampicillin resistant R coli DH5a 

30 cells transformed with the ligation products. 
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The 3,256-bp Notl expression cassette was isolated from P DB2928. This 
contained the PRB1 promoter, the coding region for the modified HSA-pre leader 
sequence followed by transferrin (N413Q, N611Q), and the ADH1 terminator 
This was ligated into the Notl sites of the 2pm-based vectors pSAC35 and 
PDB2690 to generate the expression plasmids pDB2929, pDB2930, pDB2931 and 
PDB2932 (Figures 12-15). In pDB2929 and pDB2931 the transferrin (N413Q 
N611Q) sequence is transcribed in the same direction as LEU2, whereas in' 
PDB2930 and pDB2932 transcription is in the opposite direction. 



EXAMPLE 2 



Expression of transferrin 



A S. cerevisiae control strain was transformed to leucine prototrophy with all th e 
transferrin (N413Q, N6HQ) expression plasmids, and cryopreserved stocks were 
prepared- 

Strains were grown for four days at 30°C in lOmL BMMD cultures in 50mL 
conical flaslcs shaken at 200rpm. . The titres of recombinant transferrin secreted 
into the culture supematants were compared by rocket irnmunoelectrophoresis 
(RIE as described in Weeke, B., 1976, "Rocket irnmunoelectrophoresis" AN H 
Azelsen, J. Kroll, and B. Weeke [eds.], A manual . of quantitative 
imrnunoelectrophoresis. Methods and applications. Universitetsforlaget, Oslo, 
Norway), reverse phase high performance liquid chromatography (RP-HPLC) 
(Table 2), and non-reducing SDS polyacrylarnide electrophoresis stained with 
colloidal Coomassie blue stain (SDS-PAGE). The increase in recombinant 
transferrin secreted when S. cerevisiae PDII was over-expressed was estimated to 
be greater than 1 0-fold. 
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Table 2 




RIE analysis indicated that the increased transferrin secretion in the presence of 
additional copies of PDI1 was approximately 15-fold (Figure 16). B3' RIE 
analysis the increase appeared slightly larger for the modified HSA-pre leader 
sequence than for the modified fusion leader sequence (Figure 1 7). 



By RP-HPLC analysis the increase in transferrin secretion was determined to be 
18-fold for the modified fusion leader sequence and 15-fold for the modified 
HSA-pre leader sequence (Table 2). 
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Figure 18 shows an SDS-PAGE comparison of the recombinant transferrin 
secreted by S. cerevisiae strains with and without additional PDI1 expression. 

RP-HPLC Method for Determining Transferrin Expression 
5 Column: 50 x 4.6mm Phenomenex Jupiter C4 3 00 A, 5p.m 
Column temperature: 45°C 
Flow rate: ImL.rmn" 1 
Peak detection:UV absorbance at 214nm 
HPLC mobile phase A:0.1% TFA, 5% Acetonitrile 
10 HPLC mobile phase B:0.1% TFA, 95% Acetonitrile 
Gradient: 0 to 3 minutes 30% B 

3 to 13 minutes 30 to 55% B in a linear gradient 

13 to 14 minutes 55% B 

14 to 15 minutes 55 to 30% B in a linear gradient 
15 1 5 to 20 minutes 3 0% B 

Injection: Generally IOOjllL of sample, but any volume can be injected 
Standard Curve: 0. 1 to 1 OjLig of human transferrin injected vs peak area 
Standard curve used for the results shown was linear up to lOfig. 

y = 530588.x + 10526.7 
20 where y = peak area, and x = amount in jj.g. 

(r 2 ): 0.999953, where Correlation Coemdent = r 
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EXAMPLE 3 



Chromosomal over-expression ofPDI 

S. cerevisiae Strain A was selected to investigate the secretion of recombinant 
glycosylated transferrin expression from plasmid pDB2506 and recombinant non- 
glycosylated transferrin (N413Q 5 N61 ] Q) from plasmid pDB2536. Strain A has 
the following characteristics — 

• additional chromosomaliy integrated PDIJ gene integrated at the host 
PDI1 chromosomal location. 



the URA3 gene and bacterial DNA sequences containing the ampicillin 
resistance gene were also integrated into the S. cerevisiae genome at the 
insertion sites for the above genes. 



A control strain had none of the above insertions. 

Control strain [cir°] and Strain A [cir°] were- transformed to leucine prototrophy 
with P DB2506 (recombinant transferrin), pDB2536 (recombinant non- 
glycosylated transferrin (N413Q, N611Q)) or pSAC35 (control). Transformants 
were selected on BMMD-agar. • 

The relative level of transferrin secretion in BMMD shake flask culture was 
determined for each strain/plasmid combination by rocket Immunoelectrophoresis 
(RJE). Figure 19 shows that both strains secreted both the glycos3dated and non- 
glycos}'lated recombinant transferrins into the culture supernatant. 

The levels of both the glycos}dated and non-glycosjdated transferrins secreted 
from Strain A [pDB2506] and Strain A [pDB2536] respectively, appeared higher 
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than the levels secreted from the control strain. Hence, at least in shake flask 
culture, PDI1 integrated into the host genome at the PDI1 locus in Strain A has 
enhanced transferrin secretion. 



■ 

Furthermore, the increase in transferrin secretion observed between control strain 
[pDB2536] and Strain A [pDB2536] appeared to be at least a 100% increase by 
RIB. In contrast, the increase in rHA monomer secretion between control strain 
[pDB2305] and Strain A [pDB2305] was approximately 20% (data not shown). 
Therefore, the increase in transferrin secretion due to the additional copy of P DI1 
in Strain A was surprising large considering that transferrin has 1 9 disulphide 
bonds, compared to rHA with 17 disulphide bonds. Additional copies of the PDI1 
gene may be particularly beneficial for the secretion from S. cerevisiae of proteins 
from the transferrin family, and their derivatives. 



The levels of transferrin secreted from Strain A [pDB2536] and Strain A 
[pDB2506] were compared by R.IE for transform ants grown in BMMD and YEPD 
(Figure 20). Results indicated that a greater than 2-fold increase in titres of both 
non-glycosylated recombinant transferrin (N413Q, N611Q) and glycosylated 
recombinant transferrin was achieved by growth in YEPD (10-20 mg.L/ 1 serum 
transferrin equivalent) compared to BMMD (2-5 mg.L" 1 serum transferrin 
equivalent). The increase in both glycosylated and non-glycosylated transferrin 
titre observed in YEPD suggested that both fransferrin expression plasmids were 
sufficiently stable under non-selective growth conditions to allow the expected 
increased biomass which usually results from growth in YEPD to be translated 
into increased glycosylated and non-glycosylated transferrin productivity. 

SDS-PAGE analysis of non-glycosylated transferrin (N413Q, N611Q) secreted 

from Strain A [pDB2536] and glycosylated transferrin from Strain A [pDB2506] 

grown in BMMD shake flask culture is shown in Figure 21 . Strain A [pDB2536] 

samples clearly showed an additional protein band compared to the Strain A 

[pSAC35] control. This extra band migrated at the expected position for the 

94 



WO 2005/0(.l?]8 

PCT/GB2(Ki4/(»(»546 

recombinant traiisfeiTia (N413Q 5 N611Q) secreted from control strain [pDB2536] 
Strain A [pDB2506] culture supematants appeared to contain a diffuse protein 
band at the position expected for transferrin. This suggested that the secreted 
recombinant transferrin was heterogeneous, possibly due to hyper-mamiosylation 
5 at Asp4 1 3 and/or Aspo 1 1 . 

EXAMPLE 4 



10 



Comparing transferrin secretion from S. cerevisiae control strain containing 
pDB2711 with transferrin secretion from S* cerevisiae Strain A 

Plasmid pDB2711 is as described above. Plasmid pDB2712 (Figure 22) was also 
produced with the Not! cassette in the opposite direction to pDB271 1 



.5 Control strain S. cerevisiae [cir J was transformed to leucine prototrophy with 
pDB2711 and pDB2712. Transformants were selected on BMMD-agar and 
cryopreserved trehalose stocks of control strain [pDB271 1] were prepared. 

Secretion of recombinant transferrin (N413Q 5 N611Q) by control strain 

3 [pDB27il], control strain [pDB2712] r Strain A [pDB2536], control strain 

[pDB2536] and an alternative control strain [pDB2536] was compared in both 

BMMD and YEPD shake flask culture. RIE indicated that a significant increase 

in recombinant transferrin secretion had been achieved from control strain 

jpDB271 1] with multiple episomal PDI1 copies, compared to Strain A [pDB2536] 

with two chromosomal copies of PDI1, and control strain [pDB2536] with a 

single chromosomal copy of PDI1 gene (Figure 23). Control strain [pDB2711] 

and control strain [pDB2712] appeared to secrete similar levels of rTf (N413Q, 

N611Q) into the culture media. The levels of secretion were relatively consistent 

between control strain [pDB2711] and control strain [pDB2712] transformants in 

both BMMD and YEPD media, suggesting that plasmid stability was sufficient for 

high-level transferrin secretion even under non-selective conditions. This is in 
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contrast to the previous published data in relation to recombinant PDGF-BB and 
HSA where introduction of PDI1 into multicopy 2um plasmids was shown to be 
detrimental to the host. 



TabIe 3: Recombinant transferrin titres from high cell density fermentations 




Reducing SDS-PAGE analysis of transferrin secreted from control strain 
[pDB2711], control strain [pDB27l2] s Strain A [pDB2536], control strain 
[pDB2536J and alternative control strain [pDB2536] in BMMD shake flask 
culture is shown in Figure 24. This shows an abundant protein band in all samples 
from control strain [pDB2711] and control strain [pDB2712] at the position 
expected for transferrin (N413Q, N61IQ). The relative stain intensity of the 
transferrin (N413Q, N61 1Q) band from the different strains suggested that Strain 
A [pDB2536] produced more than control strain fpDB2536] and alternative 
control strain [pDB2536], but that there was an even more dramatic increase in 
secretion from control strain [pDB2711J and control strain [pDB2712J. The - 
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increased recombinant transferrin secretion observed was concomitant vsith the 
increased FDD cop3' number in these strains. This suggested that Pdilp levels 
were limiting transferrin secretion in control strain, Strain A and the alternative 
control strain, and that eleA'ated PDJJ copy number was responsible for increased 
5 transferrin secretion. Elevated PDJJ copy number could increase the stead)' state 
expression level of PDJJ so increasing the amount of Pdilp activity. There are a 
number of alternative methods by which this could be achieved without increasing 
the cop}' number of the PDI1 gene, for example the steady state PDI1 raRNA 
level could be increased by either increasing the transcription rate, say by use of a 
higher efficiency promoter, or by reducing the clearance rate of the PDI1 mRKTA. 
Alternatively, protein engineering could be used to enhance the specific activity or 
turnover number of the Pdilp protein. 

In high cell density fermentations control strain [pDB2711] recombinant 
15 transferrin (N413Q, N61 1Q) production was measured at approximately 3g.L _1 by 
both GP-HPLC analysis and SDS-PAGE analysis (Table 3). This level of 
production is several fold-higher than control strain, the alternative control strain 
or Strain A containing pDB2536. Furthermore, for the production of proteins for 
therapeutic use in humans, expression systems such as control strain [pDB271 1] 
have advantages over those using Strain A, as the}' do not contain bacterial DNA 
sequences. 



20 



CONCLUSIONS 



25 Secretion of recombinant transferrin from a multicopy expression plasmid 
(pDB2536) was investigated in & cerevisiae strains containing an additional copy 
of the PDU gene integrated into the yeast genome. Transferrin secretion was also 
investigated in S. cerevisiae transformed with a multicopy expression plasmid, in 
which the PDI1 gene has been inserted into the multicopy episomal transferrin 

30 expression plasmid (pDB271 1). 
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A S. cerevisiae strain with an additional copy of the PDIJ gene integrated into the 
genome at the endogenous PDIJ locus, secreted recombinant transferrin and non- 
glycosylated recombinant transferrin (N413Q, N611Q) at an elevated level 
compared to strains containing a single copy of PDIL A further increase mPDII 
5 copy number was achieved by using pDB271 1 In high cell density fermentation 
of the strain transformed with pDB2711, recombinant transferrin (N413Q 
N611Q) was secreted at approximately 3g.L~\ as measured by SDS-PAGE and 
GP-HPLC analysis. Therefore, increased PDIJ gene copy number has produced a 
large increase in the quantity of recombinant transferrins secreted from & 
10 cerevisiae. 

The following conclusions are drawn — 

1. In shake flask analysis of recombinant transferrin expression from pDB2536 
15 (non-glycosyiated transferrin (N413Q, N611Q) and pDB2506 (glycosylated 
transferrin) the S. cerevisiae strain Strain A secreted higher levels of both 
recombinant transferrins into the culture supernatant than control strains. This 
was attributed to the extra copy of PDIJ integrated at the PDIJ locus. 

20 2. Control strain [pDB2711], which contained the PDIJ gene on the multicopy 
expression plasmid, produced a several-fold increase in recombinant transferrin 
(N413Q, N611Q) secretion compared to Strain A [pDB2536] in both shake flask 
culture find high cell density fermentation. 

3. Elevated PDIJ copy number. in yeast such as £ cerevisiae will be 
advantageous during the production of heterologous proteins, such as those from 
the transferrin family. 

4. pSAC35-based plasmids containing additional copies of PDI1 gene have 
advantages for the production of proteins from the transferrin family, and their 

derivatives, such as fusions, mutants, domains and truncated forms. 
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Insertion of a PDI1 gene into a 2/jtn-Iike plasmid increased secretion of 
5 recombinant transferrin from various different S. cerevisiae strains 



The S. cerevisiae strain JRY18S cir" (National Collection of Yeast Cultures) and 
MT302/28B cix + (Finnis etal, 1993, Eur J. Biochem., 212, 201-210) was cured of 
the native 2pm plasmid by galactose induced over-expression of FLP from 
Yep3 51-GAL-FLPJ, as described by Rose and Broach (1990, Meth. Enzymol.. 
185, 234-279) to create the S. cerevisiae strains JRY188 cir° and MT302/28B cir°, 
respectively. 



The S. cerevisiae strains JRY188 cir° ? MT302/28B cir° 9 S150-2B cir° (Cashmore 
15 et aU 1986, Mol Gen. Genet., 203 5 154-162), CB11-63 cir° (Zealey et aL, 1988, 
Mol Gen. Genet., 211, 155-159) were all transformed to leucine protoirophy with 
pDB2931 (Figure 14) and pDB2929 (Figure 12). Transformants were selected on 
appropriately supplemented minimal media lacking leucine. Transformants of 
each strain were inoculated into lOmL YEPD in 50mL shake flasks and incubated 
20 in an orbital shaker at 30°C, 200rpm for 4-day s. Culture supematants were 
harvested and the recombinant transferrin litres compared by rocket 
Immunoelectrophoresis (Figure 26). The results indicated that the transferrin titres 
in supematants from all the yeast strains were higher when PDI1 was present in 
the 2um plasmid (pDB2929) than when it was not (pDB2931) 



25 
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EXAMPLE 6 



The construction of expression vectors containing various PDU genes and the 
expression cassettes for various heterologous proteins on the same 2pm-like 
plasmid 



PCR amplification and cloning of PDU genes into YIplac211: 

The PDU genes from S. cerevisiae S288c aad S. cerevisiae SKQ2n were 
amplified by PCR to produce DNA fragments with different lengths of the 5'- 
untranslated region containing the promoter sequence. PCR primers were 
designed to permit cloning of the PCR products into the EcoKL and Bamtt sites of 
YIplac211 (Gietz & Sugino, 1988, Gene, 74, 527-534). Additional restriction 
endonuclease sites were also incorporated into PCR primers to facilitate 
subsequent cloning. Table 4 describes the plasmids constructed and Table 5 gives 
the PCR primer sequences used to amplify the PDU genes. Differences in the 
PDll promoter length within these YIplac2 11 -based plasmids are described in 
Table 4. 

pDB2939 (Figure 27) was produced by PCR amplification of the PDU gene from 
£ cerevisiae S288c genomic DNA with oligonucleotide primers DS248 and 
DS250 (Table 5), followed by digesting the PCR product with EcoKL and BamM 
and cloning the approximately 1.98-kb fragment info YIplac2U (Gietz & Sugino, 
1988, Gene, 74, 527-534), that had been cut with EcoW and BdmJXL. DNA 
sequencing of pDB2939 identified a missing l G\ from within the DS248 
sequence, which is marked in bold in Table 5. Oligonucleotide primers used for 
sequencing the PDU gene are listed in Table 6, and were designed from the 
published S288c PDU gene sequence (PDI1/YCL043C on chromosome III from 
coordinates 50221 to 48653 plus 1000 basepairs of upstream sequence and 1000 
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basepairs of downstream sequence. f htliji/A^w.yeastgenQme.or p:/ Genebanl: 
Accession number NC001 135 ). 



Table 4: YIplac2 11 -based Plasmids Containing PDI1 Genes 



1 Plasmid 


Plasmid 


PDI1" Ge?2e 


PC ft pTiinnrc 




Base 


Source 


Promoter 


Terminator 




pDB2939 


YIplac211 


S2SSc 


Long (~21Q-bp) 




\ DS248 + DiS25« 


1 pDB2941 


YIplaclll 


S2SSc 


Medium (—140-bp) 


-+Bsu36I 


2)^257 + DS250 


j pDB2942 


YIplac2U 


S2SSc 


Short (~80-bp) 


—>Bsu36I 


BS252 + DS250 

\ 


\\pDB2943 


YIplac211 1 


SE02n 


Long (~216-bp) 


—>I*su36I 1 




\pDB2963 


YIplaclll 


SK02n 


Medium (-146-bp) 


->Bsu5d7 


DS267 +DS250 I 


pDB2945 


YIplac211 


SKQ2n 


Short (SO-bp) 


Bsu56J 





Table 5: Oligonucleotide Primers for PCR Amplification of £ cerevisiae PDI1 
Genes 



Primer 



DS248 



DS249 



DS250 



Sequence 



5 ' -GTCAGAATTCGAGCTCTACGTATTAATTAAGGCCGGCCAGGCCCGGGCTAGT 
CTCTTTTTCCA^TTTGCCACCGTGTAGCATTTTGTTGT-3' 



5' -GTCAGGATCCTACGTACCCGGGGATATCATTATCATCTTTGTCGTGGTCATCT 

TGTGTG-3 ' 



5 ' -GTCAGGATCCTACGTACCCGGGTA^GGCGTTCGTGCAGTGTGACGAATAT 

AGCG-3' 



DS251 



5 ' -GTCAGAATTCGAGCTCTACGTATTAATTAAGGCCGGCCAGGCCCGGGCCCGT 
AT GGAC ATAC ATATATAT ATATAT ATATAT ATATATTT T G T T ACGC G — 3 ' 
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DS252 



DS267 



5 ' -GTCAGAATTCGAGCTCTACGTATTAATTAAGGCCGGCCAGGCCCGGGCTTGTTG 

CAAGCAGCATGTCTAATTGG TAATTTTAAAGCTGCC- 3 ' 



5 ' -GTCAGAATTCGAGCTCTACGTATTAATTAAGGCCGGCCAGGCCCGGGCCCGTA 
TGGACAT AC AT AT ATATAT AT AT ATAT ATAT AT AT AT AT T TTG TT ACGCG - 3 ' 



Table 6: Oligonucleotide Primers for DNA Sequencing S. cerevisiae PD11 Genes 



Primer 


1 Sequence 


DS253 


5 ' -CCTCCCTGCTGCTCGCC-3 ' 


DS254 


5 ' -CTGTAAGAACATGGCTCC- 3 ' 


DS255 


5' -CTCGATCGATTACGAGGG-3' 


DS256 


5' -AAGAAAGCCGATATCGC-3' 



DS257 



DS25S 



DS259 



5 ' - C AACTCT C T G AAG AGGCG - 3 ' 



5 ' -CAACGCCACATCCGACG-3 ' 



5' -GTAATTCTGATCACTTTGG-3' 



DS260 



DS261 



DS262 



DS263 



5' -GCACT.TATTATTACTACGTGG-3 ' 



5' -GTTTTCCTTGATGAAGTCG-3' 



5 ' -GTGACCACACCATGGGGC— 3 ' 



5 ' — GTTGCCGGCGTGTCTGCC— 3 ' 



DS264 



5' -TTGAAATCATCGTCTGCG-3 ' 



DS265 



5 ' — CGGCAGTTCTAGGTCCC- 3 ' 



DS266 



5 ' -CCACAGCCTC TTGTTGGG- 3 ' 



M13/pUC Primer (-40) 



5 ' -GTTTTCCCAGTCACGAC-3 ' 
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Plasmids pDB2941 (Figure 28) and pDB2942 (Figure 29) were constructed 
similarly using the PCR primers described hi Tables A and 5 S and by cloning the 
approximately L90-l:b and 1.85-kb EcdRl-BcnriHl fragments, respectively, into 
Ylplac2 1 1 . The correct DNA sequences were confirmed for the PDI1 genes in 
5 pDB2941 andpDB2942. 

The S. cerevisiae SKQ2n PDI1 gene sequence was PCR amplified from plasmid 
DNA containing the PDU gene from pMA3a:C7 (US 6,291,205), also known as 
Clone C7 (Crouzet & Tuite, 1987, supra; Farquhar el al z 1991, supra). The 

10 SKQ2n PDI1 gene was amplified using oligonucleotide primers DS248 and 
DS250 (Tables 4 and 5). The approximately 2.01-kb PCR product was digested 
with EcdKL and BamBI and ligated into YIplac211 (Gietz & Sugino, 1988, Gene, 
74, 527-534) that has been cut with EcoRI and BamBI, to produce plasmid 
pDB2943 (Figure 30). The 5' end of the SKQ2n PDI1 sequence is analogous to a 

15 blunt-ended Spel-site extended to include the EcoRI, Sad, SjtoBL PacL Fsel, Sfil - 
and Smal sites, the 3' end extends up to a site analogous to a blunt-ended Bsu36I 
site, extended to include a Smal, SnaBI and BamBI sites. The PDIJ promoter 
length is approximate^' 210bp. The entire DNA sequence was dete rm ined for the 
PDI1 fragment using oligonucleotide primers given in Table 6. This confirmed 

20 the presence of a coding sequence for the PDI protein of S. cerevisiae strain 
SKQ2n (NCBI accession number CAA38402), but with a serine residue at 
position 114 (not an arginine residue as previously published). Similarly, in the 
same way as in the S. cerevisiae S288c sequence in pDB2939 s pDB2943 also had 
a missing £ G ? from within the DS248 sequence, which is marked in bold in Table 

25 ■ 5. ■ 

Plasmids pDB2963 (Figure 31) and pDB2945 (Figure 32) were constructed 

similarly using the PCR primers described in Tables 4 and 5, and b3' cloning the 

. approximately 1.94-kb and 1.87-kb EcoRI-BaniBI fragments, respectively, into 

30 YIplac211. The expected DNA sequences were confirmed for the PDI1 genes in 

pDB2963 and pDB2945, with a serine codon at the position of amino acid 114. 
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The construction of pSAC35-based rHA expression plasmids with different 
PDU genes inserted at the Xcml-site after JRJSP2: 



5 pSAC35-based plasmids were constructed for the co-expression of rHA with 
different PDI1 genes (Table 7). 



Table 7: pSAC35-based plasmids for co-expression of rHA with different PDI1 



10 



genes 
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The rHA expression cassette from pDB2243 (Figure 33, as described in WO 
00/44772) was firsi isolated on a 2,992 -bp Notl fragment, which subsequent] y was 
cloned into the Notl-sitt of pDB2688 (Figure 4) to produce pDB2693 (Figure 34). 
pDB2693 was digested with SnaBL treated with calf intestinal alkaline 
5 phosphatase, and ligated with SnaBI fragments containing the PDIJ genes from 
pDB2943, pDB2963, pDB2945, pDB2939, pDB2941 and pDB2942. This 
produced plasmids pDB2976 to pDB2987 (Figures 35 to 46). PDIJ transcribed in 
the same orientation as REP 2 was designated "orientation A", whereas PDIJ 
transcribed in opposite orientation to REP2 was designated "orientation B 3T (Table 
10 7). 

The construction of pSAC35-based transferrin expression plasmids with 
different PDI1 genes inserted at the Xcml-sitc after REP2: 

15. pSAC35-based plasmids were constructed for the co-expression of recombinant 
transferrin (N4 1 3 Q, No 1 1 Q) with different PDIJ genes (Table 8) . 

Table 8: pSAC35-based plasmids for co-expression of transferrin with different 
PDI1 genes 

20 



Plasnud 


Plasmid 


PDI1 Gene at Xcml-site after REP2 


i ~~ ii 
Heterologous Protein IE 




Base 


Source 


Promoter 


Terminator 


Orientation 


II 

Expression Cassette II 
(at Notl-site) If 


pDB2929 


pSACSS 


SICQ2ti 


Long 


Bsu36I 


A 


1 rTf (N413Q N611 0) 1 


pDB30SS 


pSAC3S 


S2S8c 


Long 


Bsu3 61 


A 


rTf(N413Q, N611 Q) jj 


pDB30S6 


pSAC35 


S2SSc 


Medium 


Bsu36I 


A 


rTf(N413Q, N61 1Q) 1 


pDB30S7 


pSAC35 


S2SSc 


Short 


—> Bsu36I 


A 


rTf (N413Q, N61 1Q) jj 
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In order to achieve this, the NotI expression cassettes for rHA expression were 
first deleted from pDB2976, pDB2978, and pDB2980 by NotI digestion and 
circularisation of the vector backbone. This produced plasmids pDB3081 (Figure 
47), pDB30S3 (Figure 48) and pDB3084 (Figure 49) as described in Table 9. 

Table 9; PS AC3 5-based plasmids with different PDI1 genes 



I Plasmid 


Plasmid 


I PDI1 Gene at Xcml-site after REP2 


Heterologous Protein \ 


1 


Base 


1 Source 


Promoter 


Terminator 


Orientation 


Expression Cassette 
(at N oil-site) 


1 pDB2690 


pSAC35 ; 


\ SKQ2n 


Long 


Bsu36I 


* I 


None 1 


|| pDB30Sl 


pSAC35 j 


S288c 


Long 


-> Bsu36I 


A J 


None IE 


|| pDB3083 


pSAC35 


S288c 


Medium 


-> Bsu36I 


a i 


None |l 


| pDB30S4 


pSAC35 j 


S288c 

. .. . 


Short 


-> Bsu36I 


A I 


None l| 



The 3,256-bp NotI fragment from pDB2928 (Figure 1 1) was cloned into the Notl- 
sites of pDB3081, pDB3083 and pDB3084, such that transcription from the 
transferrin gene was in the same direction as LEU2. This produced plasmids 
pDB3085 (Figure 50), pDB3086 (Figure 51) and pDB3087 (Figure 52) as 
described in Table 8. 



EXAMPLE 7 



Insertion and optimisation of a PDI1 gene in the 2fim-like plasmid increased 
the secretion of recombinant human serum albumin by various different S. 
cerevisiae strains 



The S. cerevisiae strains JRY188 cir°, MT302/28B cir°, S150-2B cir° , CB11-63 
cir° (all described above), AH22 cir° (Mead et aL, 1986, Mol. Gen. Genet., 205, 
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417-421) and DS569 cir° (bleep ei a!., 1991, Bio/Technology, 9, 183-187.) were 
transiomied to leucine pimotrophy with either pDB2244 (WO 00/44772) 
pDB2976 (Figure 35), pDB2978 (Figure 37) or pDB29S0 (Figure 39) using a 
modified lithium acetate method (Sigma yeast transformation kit, YEAST- 1 
protocol 2; (Ito aid, 1983, J. Bacterial., 153, 163; Elble, 1992, Biotechniques, 13, 
18)). Transformants were selected on BMMD-agar plates with appropriate 
supplements, and were subsequent]}' patched out on BMMD-agar plates with 
appropriate supplements. 

Transformants of each strain were inoculated into 1 OmL YEPD in 50m T shake 
flasks and incubated in an orbital shaker at 30°C, 200rpm for 4-da3's. Culture 
supematants were harvested and the recombinant albumin litres compared by 
rocket immunoelectrophoresis (Figures 53 and 54). The results indicated that the 
albumin litres in the culture supematants from all the yeast strains were higher 
when PDI1 was present in the 2pm plasmid than when it was not (pDB2244). 
The albumin titre in the culture supematants in the absence of PDI1 on the 
plasmid was dependant upon which yeast strain was selected as the expression 
host however, in most examples tested the largest increase in expression was 
observed when PDI1 with the long promoter (~210-bp) was present in the 2jj.m 
plasmid (pDB2976). Modifying the PDU promoter by" shortening, for example to . 
delete regulation sites, had the affect of controlling the improvement. For one 
yeast strain, known to be a high rHA producing strain CDS 5 69) a shorter promoter 
was preferred for optimal expression. 



107 



WO 2005/061718 

PCT/GB2004/005462 



EXAMPLE 8 



Different PDI1 genes enhanced the secretion of recombinant transferrin when 
co-expressed on a 2 fain-based plasmid. 

The secretion of recombinant transferrin (N413Q, N611Q) was investigated with, 
co-expression of the S. cerevisiae SKQ2n PDI1 gene with the long promoter 
(~210-bp), and the S. cerevisiae S288c PDI1 with the long, medium and short 

* 

promoters (-210 bp, -140 bp and -80 bp respectively). 

The same Control Strain as used in previous examples (e.g. Example 2) was 
transformed to leucine prototrophy with pDB2931 (negative control plasmid 
without PDI1) and pDB2929, pDB3085, pDB3086 and pDB3087 (Table 8). 
Transformants were selected on BMMD-agar plates and five colonies selected for 
analysis. Strains were grown in lOniL BMMD and tOmL YEPD shake flask 
cultures for 4-days at 30°C, 200rpm and culture supernatants harvested for 
analysis by rocket Immunoelectrophoresis (RIE). 

Figure 55 shows that in minimal media (BMMD) the S. cerevisiae SKQ2n PDI1 
gene with the long promoter gave the highest rTF (N413Q, N61 1Q) titres. The S. 
cerevisiae S288c PDI1 gene gave lower rTF (N413Q, N611Q) titres, which 
decreased further as the PDI1 promoter length was shortened 

Figure 56 shows that in rich media (YEPD) the £ cerevisiae SKQ2n PDI1 and S. 
cerevisiae S288c PDI1 genes with the long promoters gave similar rTF (N413Q, 
N611Q) production levels. Also, the shorter the promoter length of the S. 
cerevisiae S288c PDI1 gene the lower was the rTF (N413Q, N611Q) production 
level. 
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EXAMPLE 9 

PDI1 on the 2 inn-based plasmid enhanced the secretion of recombinant 
albumin fusions. 

The affect of co-expression of the S. cercvisiae SKQ2n PDI1 gene with the long 
promoter (~210-bp) upon the expression of recombinant albumin fusions was 

investigated- 

*— • 

The construction of a Notl N-terminal endostaiin-albmiiin expression cassette 
(pDB2556) has been previously described (WO 03/066085). Appropriate \'east 
vector sequences were provide by a "disintegration" plasmid pSAC35 generally 
disclosed in EP-A-286 424 and described by Sleep, D., et aL, 1991, 
Bio/Technology, 9, 183-187. The 3.54kb Notl N-terminal endostatin-alburnin 
expression cassette was isolated from pDB2556. purified and ligated into Notl 
digested pSAC35, which had been treated with calf intestinal phosphatase, 
creating plasmid pDB3099 containing the Notl expression cassette in the same 
orientation to the LEU2 selection marker (Figure 57). An appropriate ye&st PDI1 
vector sequences were provide by a ^disintegration' 5 plasmid pDB2690 (Figure 6). 
The 3.541cb Notl N-terminal endostatin-albumin expression cassette was isolated 
from pDB2556 ? purified and Hgated into Notl digested pDB2690 3 which had been 
treated with calf intestinal phosphatase, creating plasmid pDB3100 containing the 
Notl expression cassette in the same orientation to the LEU2 selection marker 
(Figure 58). 

The construction of an Notl N- terminal angiostatin-alburoin expression cassette 
(pDB2556) has been previously described (WO 03/066085), as has the 
construction of a pSAC35-based yeast expression vector, pDB2765 (Figure 59). 
The 3.77kb Notl N-terminal angiostatin-albumin expression cassette was isolated 
from pDB2556 3 purified and ligated into Notl digested pDB2690, an appropriate 

■ 
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yeast PDI1 expression vector, which had been treated with calf intestinal 
phosphatase, creating plasmid pDB3 1 07 containing the Notl expression cassette in 
the same orientation to the LEU2 selection marker (Figure 60). 

5 The construction of an Notl N-terminal Krmgle5-(GGS) 4 GG-albumin expression 
cassette (pDB2771) has been previously described (WO 03/066085), as has the 
construction of a pSAC35-based yeast expression vector, pDB2773 (Figure 61). 
The 3.27kb Notl N-terminal Kringle5-(GGS) 4 GG-albumin expression cassette was 
isolated from pDB2771, purified and ligated into Notl digested pDB2690, an 
10 appropriate yeast PDI1 expression vector, which had been treated with calf 
intestinal phosphatase, creating plasmid pDB3104 containing the Notl expression 
cassette in the same orientation to the LEU2 selection marker (Figure 62). 

The construction of an Notl N-terminal DX-890~(GGS) 4 GG-albumin expression 
15 cassette (pDB26S3) has been previously described (WO 03/066824). Appropriate 
yeast vector sequences were provide by the "disintegration" plasmid pSAC35.. ' 
The 3.20kb Notl N-terminal DX-890-(GGS) 4 GG-albumin expression cassette was 
isolated from pDB2683, purified and ligated into Notl digested pSAC35, which 
had been treated with calf intestinal phosphatase, creating plasmid pDB3101 
20 containing the Notl expression cassette in the same orientation to the LEU2 
selection marker (Figure 63). An appropriate yeast PDI1 .vector sequences were 
provide by a "disintegration" plasmid pDB2690 (Figure 6). The 3.20kb Notl 
N-terminal DX-890-(GGS) 4 GG-albumin expression cassette was isolated from 
pDB2683, purified and ligated into Notl digested pDB2690, which had been 
25 treated with calf intestinal phosphatase, creating plasmid pDB3 102 containing the 
Notl expression cassette in the same orientation to the LEU2 selection marker 
(Figure 64). 

The construction of an Notl N-terminal DPI- 1 4-(GGS) 4 GG-albumin expression 
30 cassette (pDB2666) has been previously described (WO 03/066824), as has the 

construction of a pSAC35-based yeast expression vector, pDB2679 (Figure 65) 
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The 3.2] l:b Noll N-termixial DPI- 14-(GGS)4GG -albumin expression cassette was 
isolated from pDB2666, purified and ligated into Not! digested pDB2690 s an 
appropriate yeast PDI1 expression vector, which had been treated with calf 
intestinal phosphatase, creating plasmid pDB3]03 containing the Notl expression 
cassette, in the same orientation to the LEU2 selection marker (Figure 66). 

CNTF was cloned from human genomic DNA by amplification of the two exons 
using the following primers for exon 1 and exon 2 3 respective^ using standard 
conditions. 

Exon 1 primers: 

5 ' -CTCGGTACCCAGCTGACTTGTTTCCTGG-3 ' ; and 
5 ' - ATAG G ATTCCG TAAG AGCAG T C AG - 3 ' 

Exon 2 primers: 

5 '-GTGAAGCATCAGGGCCTGAAC-3; ' and 

5 " - C T CT C T AGAAGC AAGGAAGAG AG AAGGG AC - 3 ' 

Both fragments were ligated under standard conditions, before being re-amplified 
by PGR using primers 5 '-CTCGGTACCCAGCTGACTTGTTTCCTGG-3 ' and 
5 '-CTCTCTAGAAGCAAGGAAGAGAGAAGGGAC-3 ' and cloned into vector 
pCR4 (Invitrogea). To generate Axnldne (as disclosed in Lambert et al, 2001, 
PNAS, 98, 4652-4657) site-directed mutagenesis was employed to introduce C17A 
(TGT-^GCT) and Q63R (CAG-»AGA) mutations. DNA sequencing also 
revealed the presence of a silent T->C substitution V85V (GTT->GTC) as 
described in WO 2004/0 15113. 

The Axokine™ cDNA was amplified b}' PCR using single stranded 
oligonucleotides MH33 and MH36 to create an approximate 0.5£lcbp PCR 
fragment. 

Ill 
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MH33 

5 ' -ATGCAGATeTTTGGATAAGAGAGCTTTCACAGAGCATTCACCGCTGACCCC-3 ' 

MH36 

5 ' - C ACCGGATCCACCCCCAGT C TG ATG AG AAG AAATGAAACGAAGGTCATGG - 3 ' 

This was achieved with FastStart Taq DNA polymerase (Roche) in a 50mL 
reaction, which was initiated by a 4-minute incubation at 95°C and followed by 25 
cycles of PCR (95°C for 30secs, 55°C for 30secs, 72°C for 60sec). A PCR 
product of the expected size was observed in a lOmL sample following 
electrophoresis in an ethidium bromide stained 1% agarose gel The remaining 
PCR product was purified using a QIAquick PCR purification kit (Qiagen) and 
digested to completion with BamHI and BglR. DNA of approximately the 
expected size was excised from an ethidium bromide stained 1% (w/v) agarose gel 
and purified. 

Plasmid pDB2573X provided a suitable transcription promoter and terminator, 
along with a suitable secretory leader sequence and DNA sequences encoding part 
of a (GGS) 4 GG peptide linker fused to the N-terminus of human albumin. The 
construction of pDB2573X'has been previously described (WO 03/066824). 

The 0.57kb BamHI and BglR digested PCR product was ligated with pDB2573X, 
which had been digested with BamHI, BglR and calf intestinal alkaline 
phosphatase to create plasmid pDB2617 (Figure 95) and the correct DNA 
sequence confirmed for the PCR generated fragment and adjacent sequences using 
oligonucleotide primers CF84, CF85, PRB and DS229. 

CF84 

5 ' -CCTATGTGAAGCATCAGGGC-3' 
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CFS5 



5' -CCAACATTAATAGGCAT 



CCC-3 



PRE 

5 ' -CGTCCCGTTATATTGGAG- 3 ' 

DS229 

5 ' -CTTGTCACAGTTTTCAGCAGATTCGTCAG— 3' 

Plasmid pDB2617 was digested with Ndel and NotI, and the 3.586-kb NoH 
expression cassette for Axoldne TM -(GGS)4GG-alburnin secretion was purified 
from an agarose gel. 

Appropriate 3'east vector sequences were provided by the "disintegration" plasmid 
pSAC35. The 3.586kb NotI N-terminal Axoldne TM -(GGS) 4 GG-albumin 
expression cassette was isolated from pDB2617. purified and ligated into NotI 
digested pSAC35. which had been treated with calf intestinal phosphatase, 
creating plasmid pDB2618 containing the NotI expression cassette in the same 
orientation to the LEU2 selection marker (Figure 96). Appropriate 3'east PDI1 
vector sequences were provide by a "disintegration" plasmid pDB2690 (Figure 6). 

*TT%yf 

The 3.586kb NotI N-terminal Axokine -(GGS^GG-albumin expression cassette 
was isolated from pDB2617, purified and ligated into NotI digested pDB2690 3 
which had been treated with calf intestinal phosphatase, creating plasmid 
pDB3106 containing the NotI expression cassette in tbe same orientation to the 
LEU2 selection marker (Figure 68). 

A human IL10 cDNA (NCBI accession number (NM_000572) was amplified by 
PCR using single stranded oligonucleotides CF68 and CF69. 

CF68 

5 ' -GCGCAGATCTTTGGATAAGAGAAGCCCAGGCCAGGGCACCCAGTCTGAGAACAGCTGCAC-3 ' 
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CF69 

5 ' — GCTTGGATCCACCGTTTCGTATCTTCATTGTCATGTAGGCTTCTATGTAG-3 ' 

The 0.43kb DNA fragment was digested to completion with BamUL and partially 
digested with BglR and the 0.42kb BglR-BamHl DNA fragment isolated. 

Plasmid pDB2573X provided a suitable transcription promoter and terminator, 
along with a suitable secretory leader sequence and DNA sequences encoding part 
of a (GGS)4GG peptide linker fused to the N-terminus of human albumin. The 
construction of pDB2573X has been previously described (WO 03/066824). 

Plasmid pDB2573X was digested to completion with BglR and BamHl, the 6.2 Ikb 
DNA fragment was isolated and treated with calf intestinal phosphatase and then 
ligated with the 0.42kb BglWBamHI N-terminal 1L10 cDNA to create pDB2620 
(Figure 69). Appropriate yeast vector sequences were provided by the 
"disintegration" plasmid pSAC35. The 3.51kb Notl N-terminal IL10-(GGS) 4 GG- 
albumin expression cassette was isolated from pDB2620, purified and ligated into 
Notl digested pSAC35, which had been treated with calf intestinal phosphatase, 
creating plasmid pDB2621 containing the Notl expression cassette in the same 
orientation to the LEU2 selection marker (Figure 70). An appropriate yeast PDI1 
vector sequences were provide by a "disintegration" plasmid pDB2690 (Figure 6). 
The 3.5 lkb Notl N-terminal IL10-(GGS)4GG-albumin expression cassette was 
isolated from pDB2620, purified and ligated into Notl digested pDB2690, which 
had been treated with calf intestinal phosphatase, creating plasmid pDB3105 
containing the Notl expression cassette in the same orientation to the LEU2 
selection marker (Figure 71). 

The same, control yeast strain as used in previous examples was transformed to 
leucine prototrophy using a modified lithium acetate method (Sigma yeast 
transformation kit, YEAST- 1, protocol 2; (Ito et al y 1983, J. Bacteriol, 153, 163; 
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Elble. 1992, Biotechniques, 13 ? 18)). Transformants were selected on BMMD- 
agar plates, and were subsequently patched out on BMMD-agar plates. 
Cryopreserved trehalose stocks were prepared from IGmL BK4MD shake flask 
cultures (24 hrs, 30°C 3 200ipm). 

Transformants of each strain were inoculated into 1 OmL BMMD in 50raL shake 
flaslcs and incubated in an orbital shakier at 30°C 9 200rpm for 4-da3's. Culture 
supernatants were harvested and the recombinant albumin fusion titres compared 
by rocket Immunoelectrophoresis (Figure 72). The results indicated that the 
albumin fusion titre in the culture supernatants from yeast strain was higher when 
PDI1 was present in the 2pm plasmid than when it was not. 

The increase in expression of the albumin fusions detected by rocket 
Immunoelectrophoresis was further studied by SDS-PAGE anatysis. BMMD 
shake flask cultures of YBX7 expressing various albumin-fusions were grown for 
4-days in an orbital shaker at 30°C ? 200rpm. A sample of the culture supernatant 
was analysed by SDS-PAGE (Figure 73). A protein band of the expected size for 
the albumin fusion under study was observed increase in abundance. 

EXAMPLE 10 

Co-expression of S. cerevisiae ORM2 and recombinant transferrin on a 2/jm- 
based plasmid 

The QMd2 gene from S. cerevisiae S288c was cloned into the A^zl-site after 
REP 2 on a pSAC35-based plasmid containing an expression cassette for rTf 
(N413Q, N611 Q) at the NotR-site in the UL-region. 

Plasmid pDB2965 (Figure 74) was constructed by insertion of the 3,256-bp Not! 
fragment containing the rTf (N413Q, N611Q) expression cassette from pDB2928 
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(Figure 1 1) into the jVb/I-site of pDB2688 (Figure 4). pDB2688 was linearised by 
Notl digestion and was treated with alkaline phosphatase. The rTf expression 
cassette from pDB2928 was cloned into the Notl site of pDB2688 to produce 
pDB2965, with the transferrin gene transcribed in the same direction as LEU2. 

The ORM2 gene was amplified from S. cerevisiae S288c genomic DNA by PCR 
with oligonucleotide primers GS11 and GS12 (Table 10) using the Expand High 
Fidelity PLUS PCR System (Roche). 



Table 10: Oligonucleotide Primers for PCR Amplification of & cerevisiae 
Chaperones 




GS11 



CED037 



Oligonucleotide Sequence 



ORM2 primer, 54mer 



5 r -GCGCXACGTATTAAITTAAATTGCTCATATATA 
GTGGGGGGGAATACTCATGCTG-3 ' 



5 ' -GCGCTACGTAGGCCGGCCAGAGAATATAAAGAA 
GS12 I ORM2 primer, 49iner J AGA.TGATGATGTAAGG- 3 ' 



SSAI primer, 70mer 



5 ' -ATACGCGCATGCGAATAATTTTTTTTTGCCTATC 
T ATAAAATTAAAGTAGCAGTACTT C AACCATTAGT G - 3 ' 



5 ' -ATACGCGCATGCCGACAAATTGTTACGTTGTGCTTTG 
CED03S I SSAI primer, 50mer J ATTTCTAAAGCGC-3 ' 



5 ' -ATAGCGGGATCCAAGCTTCGACACATACATAATAACT 
CED009 I PSEI primer, 50mer \ CGATAAGGTATGG-3 9 



5 ' -TATCGCGGATCCCGTCTTCACTGTACATTACACAT 
CED010 I PSEI primer, 3 9mer J AAGC-3' 



Primers were designed to incorporate SnaBl and Pad restriction recognition sites 
at the 5' end of the forward primer and SnaBl and Fsel restriction recognition sites 
at the 5 r end of the reverse primer for cloning into the linker at the Jfc7nl-site of the 
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vector. pDB2965. PCR was carried out under the following conditions: 200 plvl 
dNTP mix. 2.5 U of Expand HiFi enzyme blend, ] x Expand HiFi reaction buffer, 
0.8 fig genomic DNA; 1 cycle of 94°C for 2 minutes, 30 cycles of 94°C for 30 
seconds, 55°C for 30 seconds, 72°C for 3 minutes, and ] c)'cle 72°C for 7 
5 minutes. 0.4 jiMof each primer was used, The required 1,195-bp PCR product 
and the pDB2965 vector were digested with Pad and FseL ligated together and 
transformed into competent E. coli DH5a cells. Ampicillin resistant 
transformaats were selected. <9i\LM2-contauiing constructs were identified by 
restriction enzyme analysis of plasmid DNA isolated from the ampicillin resistant 
10 clones. Four plasmid clones were prepared pDB3090 5 pDB3091, pDB3092, and 
pBD3093, all of which had the same expected DNA fragment pattern during 
restriction analysis (Figure 75). 

The S. cersvisiae Control Strain and Strain A (as described in Example 3) were 
15 selected to investigate the effect on transferrin secretion when the transferrin and 
ORM2 genes were co-expressed from the 2pm-based plasmids. The Control 
Strain and Strain A were transformed to leucine prototrophy by plasmids 
pDB3090, pDB3092 and pBD3093, as well as a control plasmid pDB293 1 (Figure 
14), containing the rTf (N413Q, N611Q) expression cassette without ORM2.- 
20 Transformants were selected on BMMD agar and patched out on BMMD agar for 
subsequent analysis. 

' To investigate the effect of ORM2 co-expression on transferrin secretion, lOmL 
selective (BMMD) and non-selective (YEPD) liquid media were inoculated with 
25 strains containing the ORM2/transferrin co-expression plasmids. The shake flask 
culture was then incubated at 30°C with shaking (200 rpm) for 4 days. The 
relative level of transferrin secretion was determined by rocket crel 
immunoeletrophoresis (RJE) (Figure 76). 
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Levels of transferrin secreted from Control Strain [pDB3090] and Control Strain 
OpDB3092] were greater than the levels from Control Strain [pDB2931] in both 
BMMD and YEPS media. Similarly, the levels of transferrin secreted from both 
Strain A [pDB3090] and Strain A [pDB3093] were greater than the levels from 
5 Strain A [pDB293 1 ] in both BMMD and YEPS media. Transferrin secretion from 
all Strain A transformants was higher than the Control Strain transformants grown 
in the same media. Strain A contains an additional copy of PDI1 in the genome, 
which enhanced transferrin secretion. Therefore in Strain A, the increased 
expression of ORM2 and PDI1 had a cumulative effect on the secretion of 
10 transferrin. 



EXAMPLE 11 

Co-expression of S. cerevisiae PSE1 and recombinant transferrin on a 2fjm- 
15 based plasmid 

The PSE1 gene from S. cerevisiae S288c was cloned into the Xcml-site after 
REP 2 on a pSAC35-based plasmid containing an expression cassette for rTf 
(N413Q, N61 1 Q) at the Notl-site in the UL-region. 

The 3.25-kp wild-type PSE1 gene was amplified from S. cerevisiae S288c 
genomic DNA by PCR with oligonucleotide primers CED009 and CED010 (Table 
10) using the Expand High Fidelity PCR Kit (Roche). Primers were designed to 
incorporate BamHl restriction recognition sites at the 5' end to facilitate cloning 
J into the vector, pUC19. PCR was carried out under the following conditions: 1 
cycle of 94°C for 2 minutes; 10 cycles of 94°C for 15 seconds, 45°C for 30 
seconds, 68°C for 4 minutes and 30 seconds; 20 cycles of 94°C for 15 seconds, 
45°C for 30 seconds, 68°C for 4 minutes and 30 seconds (increasing 5 seconds per 
cycle); and 1 cycle of 6S°C for 10 minutes. The required PCR product was 
digested with BamUL then ligated into pUC19, which had been digested with 
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'BaniHl and treated with alkaline phosphatase, producing construct pDB2848 
(Figure 77). Sequencing of pDB2848 confirmed that amplified sequences were as 
expected for S: cerevisiae S288c PSEJ S when compared to the sequence from 
PSEJ Al\d3v308C on chromosome XIII from coordinates 892220 to 888951 plus 
5 1000 basepairs of upstream sequence and 1000 basepairs of downstream sequence 
(Saccharomyccs Genome Database at http://www.yeastgenome.Org/ l The PSEJ 
gene was then excised from pDB2848 by BamHL digestion, and the resulting 
4,096-bp fragment phenolxhloroform extracted, ethanol precipitated and treated 
with DNA polymerase Klenow fragment to fill in the 5 -overhang. Plasmid 
10 pDB2965 (Figure 74) was linearised hy SnaBl digestion, and alkaline phosphatase 
treated. The linearised pDB2965 vector and the PSEJ insert were ligated, and 
transformed into competent E. coli DH5a cells. Axnpicillin resistant 
transformants were selected. Plasmids pDB3097 (Figure 78) and pDB3098 
(Figure 79) were identified to contain the PSEJ gene by restriction enzyme. 
15 anah'sis of plasmid DNA isolated from the ampicillhi resistant clones. In 
pDB3097 the PSE1 gene is transcribed in the same orientation as PEP 2, whereas 
in pDB3097 the PSEJ gene is transcribed in the opposite orientation to REP 2. 



The S. cerevisiae Control Strain was transformed to leucine prototroph)' by 
20 plasmids, pDB3097 and pBD3098 5 as well as a control plasmid pDB293 1 (Figure 
14) 5 containing the rTf (N413Q ? N611Q) expression cassette without PSEJ. 
. Transformants were selected on BMMD agar- and patched out on BMMD agar for 
subsequent analysis. 



25 To investigate the effect of PSEJ expression on transferrin secretion, flasks 
containing lOmL selective (BMMD) liquid media were inoculated with strains 
containing the PSEJ /transferrin co-expression plasmids. The shake flask culture 
was then incubated at 30°C with shaking (200 rpm) for 4 days. The relative level 
of transferrin secretion was determined by rocket gel immunoeletrophoresis (RTF.) 

30 (Figure 80). 
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Levels of transferrin secreted from Control Strain [pDB3097] and Control Strain 
[pDB3098J were greater man the levels from Control Strain [pDB2931] in 
BMMD media. Therefore, expression of PSE1 from the 2um-based plasmids had 
enhanced transferrin secretion from S. cerevisiae. Transferrin secretion was 
improved with the PSEJ gene transcribed in either direction relative to the REP2 
gene in pDB3097 and pDB3098. 



EXAMPLE 12 



Co-expression of S. cerevisiae SSAI and recombinant transferrin on a 2pm- 
based plasmid 

The SSAJ gene from S. cerevisiae S288c was cloned into the Xcml-she after REP2 
on a pSAC35-based plasmid containing an expression cassette for rTf (N413Q, 
N61 1 Q) at the Notl-sile in the UL-region. 

The 1. 93-kb SSAI gene was amplified from S. cerevisiae S288c genomic DNA by 
PCR with oligonucleotide primers CED037 and CED038 (Table 10) using the 
Expand High Fidelity PCR Kit (Roche). Primers were designed to incorporate 
Sphl restriction recognition sites at their 5' ends to facilitate cloning into the 
vector, pUC19. PCR was carried out under the following conditions: 1 cycle of 
94°C for 10 minutes, 35 cycles of 94°C for 1 minute, 55°C for 1 minute, 72°C for 
5 minutes, and 1 cycle of 72°C for 10 minutes. The required PCR product was 
digested with Sphl then ligated into pUC19, which had been digested with Sphl 
and treated with alkaline phosphatase, producing construct pDB2S50 (Figure 81). 
Sequencing of pDB2850 confirmed the expected sequence ofS cerevisL S288c 
SSA1/YAL005C on chromosome I from coordinates 141433 to 139505 plus 1000 
basepairs of upstream sequence and 1000 basepairs of downstream published in 
the Saccharomyces Genome Database (htm.V/www.ve^.t ppn^^^ 
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The SSAJ gene was excised nam pDB2S50 by SpM -digestion, and the resulting 
2,748-bp fragment phenol: chloroform extracted, ethano] precipitated and treated 
with T4 DNA polymerase to remove the 3 -overhang. Plasmid pDB2965 was 
5 linearised by SnaBl digestion and treated with calf alkaline phosphatase. The 
linearised pDB2965 vector and the SSAJ insert were ligated and transformed into 
competent R coli DH5a cells. Ampicillin resistant txansformarits were selected. 
SSAJ constructs pDB3094 (Figure 82), and pDB3095 (Figure 83) were identified 
by restriction enzyme anatysis of plasmid DNA isolated from the ampicillin 
3 resistant clones. In pDB3094 5 the SSAJ gene is transcribed in the same direction 
as KEP2, whereas in pDB3095 the SSAJ gene is transcribed in the opposite 
direction to REP2. 



The S. cerevisiae Control Strain was transformed to leucine pro to trophy by 
plasmids 5 pDB3094 and pBD3095 5 as well as a control plasmid pDB2931 (Figure 
14), containing the rTf (N413Q, N611Q) expression cassette without SSAJ. 
Transfoimants were selected on BMMD agar and patched out on BlvIIvfD a^ar for 
subsequent analysis. 

To investigate the effect of SSA1 expression on transferrin secretion, flasks 
containing lOmL selective (BMMD) liquid media were inoculated with strains 
containing the SSAi /transferrin co-expression plasmids. The shake flask cultures 
were incubated at 30°C with shaking (200 rpm) for 4 days. The relative level of 
transferrin secretion was determined by rocket gel irnmunoeletrophoresis (RTF.) 
(Figure 84). 

Levels of transferrin secreted from Control Strain. [pDB3095] were greater than 
the levels from Control Strain [pDB2931J and Control Strain [pDB3094] in 
BlvlMD media. Therefore, expression of SSAI from the 2 urn-based plasmids had 
enhanced transferrin secretion from S. cerevisiae. Transferrin secretion was 
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improved with Hxe^SSAl gene transcribed in the opposite direction relative to the 
REP2 gene in pDB3094. 



EXAMPLE 13 



PDI1 gene disruption, combined with a PDI1 gene on tlie 2fjm-based plasmid 
enhanced the secretion of recombinant albumin and plasmid stability. 

Single stranded oligonucleotide DNA primers listed in Table 1 1 were designed to 
10 amplify a region upstream of the yeast PDI1 coding region and another a region 
downstream of the yeast PDI1 coding region. 



Table 11; Oligonucleotide primers 



Primer 



Description 



Sequence 



DS299 



5' PDI1 j 5'- CGTAGCGGCCGCCTGAAAGGGGTTGACCGTCCGT 

primer, 38mer CGGC -3' 



DS300 



5' PDU 
primer, 40mer 



5 '-CGTAAAGCTTCGCCGCCCGACAGGGTAACATATTAT 
CAC-3' 



DS301 \yPDU 

primer, 38mer 



5'-CGTAAAGCTTGACCACGTAGTAATAATAAGTGCAT 
GGC-3 ' 



DS302 



3 9 PDU ^'-CGTACTSCAGATTGGATAGTGATTAGAGTGTATAGTCC 
primer, 41 mer CGG-3' 



DS303 18mer 



S'-GGAGCGACAAACCTTTCG^' 



DS304 20mer 



5'-ACCGTAATAAAAGATGGCTG-3 * 



DS305 24mer 



5 '-CATCTTGTGTGTGAGTATGGTCGG-3 • 



15 



DS306 Hmer 



5 '-CCCAGG ATAATTTTCAGG-3 



Primers DS299 and DS300 amplified the 5' region of PDI1 by PCR, while primers 
DS301 and DS302 amplified a region 3' of PDI1, using genomic DNA derived 



122 



WO 2O05/OcV171N 



l»CT/CB2IMi4/n054«' l 



S2S8c as a template. The PGR conditions were as follows: ] uL S2SSc template. 
DNA (at COlng/pL, 0.1ng/|iL, lns/pL s lOng/pL and 100ng/^L), 5fxL lOXBuffer 
(Fast Start Taq+Mg, (Rocfie)), IfxL lOuiM dNTP's, 5pL each primer (2p.M). 
0.4jiL Fast Start Taq. made up to 50pL with H2O. PCRs were performed using a 
Perlcin-Elmer Thermal Cycler 9700. The conditions were: denature at 95 °C for 
4min [HOLD], then [CYCLE] denature at 95°C for 30 seconds, anneal at 45°C for 
30 seconds, extend at 72°C for 45 seconds for 20 cycles, then [HOLD] 72°C for 
lOmin and then [HOLD] 4°C. The 0.221cbp PDT1 5" PCR product was cut with 
Notl and HindlH, while the 0.34kbp PDI1 3' PCP. product was cut with HindUL 
and PsfL 

Plasmid pMCS5 (Hoheisel, 1994, Biotechniques 17, 456-460) (Figure 85) was 
digested to completion Math HmdIII, blunt ended with T4 DNA polymerase plus 
dNTPs and religated to create pDB2964 (Figure 86). 

Plasmid pDB2964 was HindSR digested, treated with calf intestinal phosphatase, 
and ligated with the 0.22kbp PDI1 5' PCR product digested with Noil and HinAIU 
and the 0.34kbp PDIJ 3* PCR product digested with Hindlll and PsfL to create 
pDB3069 (Figure 87) which was sequenced with forward and reverse universal 
primers and the DNA sequencing primers DS303, DS304, DS305 and DS306 
(Table 11). 

Primers DS234 and DS235 (Table 12) were used to amplify the modified TRPJ. 
marker gene from YIplac204 (Gietz & Sugino, 1988, Gene, 74, 527-534), 
incorporating HindUl restriction sites at either end of the PCR product. The PCR 
conditions were as follows: lpL template YIplac204 (at 0.01ng/pL, 0.1ng/fJ.L 5 
lng/f-iL, lOng/pL and lOOng/pL), 5fiL lOXBuffer (Fast Start Taq+Mg ? (Roche)), 
IjiL 10raM dNTP's, 5jjL each primer (2pM), 0.4/xL Fast Start Taq, made up to 
50pL with H2O. PCRs were performed using a Perkin-Elmer Themial Cj'cler 
9600. The conditions were: denature at 95°C for 4min [HOLD], then [CYCLE] 
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denature at 95°C for 30 seconds, anneal for 45 seconds at 45°'C, extend at 72°C 
for 90sec for 20 c)'cles, then [HOLD] 72°C for lOmin and then [HOLD] 4°C. The 
0.86kbp PCR product was digested with HindUL and cloned into the HindTIL site 
of pMCS5 to create pDB2778 (Figure 88). Restriction enzyme digestions and 
sequencing with universal forward and reverse primers as well as DS236, DS237, 
DS238 and DS239 (Table 12) confirmed that the sequence of the modified TRP1 
gene was correct 



Table 12: Oligonucleotide primers 




DS230 



DS231 



DS232 



DS233 



DS234 



DS235 



TRPJ 5' UTR 



TRPJ 5' UTR 



TRPJ 3* UTR 



5 '-TAGCGAATTC AATCAGTAAAAATCAACGG-3 ' 



5'-GTCAAAGCTTCAAAAAAAGA AAAGCTCCGG-3 ' 



5'-TAGCGGATCCGAATTCGGCGGTTGTTTGCAAGACC 

GAG-3 * 



TRPJ V UTR | 5 '-GT'CAAAGCTTTA AAG ATAATGCTAAATC ATTTGG-3 



TRPJ 



5 '-TGACAAGCTTTCGGTCGAAAAAAGAAAAGG AG 

AGG-3' 



DS236 



DS237 



TRP1 



5 '-TG ACAAGCTTGATCTTTTATGCTTGCTTTTC-3 ' 



TRP1 



5 '-AATAGTTCAGGCACTCCG-3 ' 



TRPJ 



5 '-TGGAAGGC AAG AG AGCC-3 ' 



DS238 



TRP1 



5 '-TAAAATGTAAGCTCTCGG-3 ' 



DS239 



TRPJ 



5 '-CCAACCAAGTATTTCGG-3 ' 



CED005 



ATRPJ 



5'-GAGCTGACAGGGAAATGGTC-3 ' 



CED006 



ATRPJ 



5'-TACGAGGATACGGAGAGAGG-3 ' 



The 0.86kbp TRPJ gene was isolated from pDB2778 by digestion with HindDI 
and cloned into the HindlE site of pDB3069 to create pDB3078 (Figure 89) and 
pDB3079 (Figure 90). A 1.41kb pdiJ::TRPJ disrupting DNA fragment was 
isolated from pDB3078 or pDB3079 by digestion with NotVPstl. 
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Yeast strains incorporating a TRI'j deletion (tip] A) were to be constructed in such 
a way that no homology to the TAP] marker gene (pDB2778) should left in the 
genome once the trpJA had been created, so preventing homologous 
5 recombination between future TAP] containing constructs and the TAP] locus. In 
order to achieve the total removal of the native TRPJ sequence from the genome 
of the chosen host strains, oligonucleotides were designed to amplify areas of the 
5' UTR and 3' UTR of the TAP] gene outside of TAP] marker gene present on 
integrating vector YIplac204 (Gietz & Sugino, 1988, Gene, 74, 527-534). The 
10 YIplac204 TAP] marker gene differs from the native/chromosomal TAP ] gene in 
that internal HindSR, Pstl and }[ba\ sites were removed by site directed 
mutagenesis (Gietz & Sugino, 1988, Gene, 74, 527-534), The YIplac204 
modified TAP] marker gene was constructed from a 1.453kbp blunt-ended 
genomic fragment EcoRI fragment, which contained the TAP ] gene and only 
5 102bp of the TAP] promoter (Gietz & Sugino, 1988, Gene, 74, 527-534). 
Although this was a relatively short promoter sequence it was clearly sufficient to 
complement trp] auxotrophic mutations (Gietz & Sugino, 1988, Gene. 74, 527- 
534). Only DNA sequences upstream of the EcoRI site, positioned 102bp 5* to 
the start of the TAP] ORF were used to create the 5' TAP] UTR. The selection of 
) the 3' UTR was less critical as long as it was outside the 3 : end of the functional 
modified TAP] marker, which was chosen to be 85bp downstream of the 
translation stop codon. 

Single stranded oligonucleotide DNA primers were designed and constructed to 
amplify the 5' UTR and 3* UTR regions of the TAP] gene so that during the PCR 
amplification restriction enzyme sites would be added to the ends of the PCR 
products to be used hi later cloning steps. Primers DS230 and DS231 (Table 12) 
amplified the 5' region of TAP] by PCR, while primers DS232 and DS233 (Table 
12) amplified a region 3' of TAP], using S288c genomic DNA as a template. The 
PCR conditions were as follows: luL template S28Sc genomic DNA (at 
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0. 01ng/uL, O.lng/pL, lng/^L, lOng/uL and lOOag/uL), 5uL lOXBuffer (Fast 
Start Taq+Mg, (Roche)), luL lOmM dNTP's, 5uL each primer (2uM), 0.4uL Fast 
Start Taq, made up to 50uL with H 2 0. PCRs were performed using a Perkin- 
ELmer Thermal Cycler 9600. The conditions were: denature at 95 °C for 4min 
[HOLD], then [CYCLE] denature at 95°C for 30 seconds, anneal for 45 seconds at 
45 °C, extend at 72 °C for 90sec for 20 cycles, thea [HOLD] 72°C for lOmin and 
then [HOLD] 4°C. 

The 0.19kbp TRP1 5' UTR PCR product was cut with EcoRI and HindJR, while 
the 0.2kbp TRP1 3' UTR PCR product was cut with BamHl and ifindlll and 
ligated into pAYE505 linearised with BainHUEco^l to create plasmid pDB2777 
(Figure 91). The construction of pAYE505 is described in WO 95/33833 . DNA 
sequencing using forward and reverse primers, designed to prime from the 
plasmid backbone and sequence the cloned inserts, confirmed that in both cases 
the cloned 5' and 3' UTR sequences of the TRP1 gene had the expected DNA 
sequence. Plasmid pDB2777 contained a TAP1 disrupting fragment that 
comprised a fusion of sequences derived from the 5 f and 3' UTRs of TRPL This 
0383kbp TRP1 disrupting fragment was excised from pDB2777 by complete 
digestion with EcoRL 

Yeast strain DXY1 (Kerry- Williams et aL, 1998, Yeast, 14, 161-169) was 
transformed to leucine prototrophy with the albumin expression plasmid pDB2244 
using a modified lithium acetate method (Sigma yeast transformation kit, YEAST- 

1, protocol 2; (Ito et al, 1983, J. BacterioL, 153, 163; Elble, 1992, Biotechniques, 
13, 1 8)) to create yeast strain DXY1 [pDB2244]. The' construction of the albumin 
expression plasmid pDB2244 is described in WO 00/44772. Transformants were 
selected on BMMD-agar plates, and were subsequently patched out on BMMD- 
agar plates. Cryopreserved trehalose stocks were prepared from lOmL BMMD 
shake flask cultures (24 hrs, 30°C, 200rpm). 
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DXY1 [pDB2244] was transformed to tryptophan autotroph}' with the 0.3831cbp 
EcoRl TRP J disrupting DNA fragment from pDE2777 using a nutrient agar 
incorporating the counter selective tryptophan analogue, 5-fluproanthranilic acid 
(5-FAA), as described by Toyn ei ah, (2000 Yeasi 16, 553-560). Colonies 
resistant to the toxic effects of 5-FAA were picked and streaked onto a second 
round of 5-FAA plates to confirm that they really were resistant to 5-FAA and to 
select away from any background growth. Those colonies which grew were then 
were re-patched onto BMMD and' BMMD plus tryptophan to identify which were 
tryptophan autotrophs . 

Subsequently colonies that had been shown to be tryptophan autotrophs were 
selected for further anatysis by transformation with YCplac22 (Gietz & Sugino, 
1988, Gene, 74, 527-534) to ascertain which isolates were trpl. . 

PCR amplification across the TRP1 locus was used to confirm that the trp" 
phenotype was due to a deletion in this region. Genomic DNA was prepared from 
isolates identified as resistant to 5-FAA and unable to grow on minimal media 
without the addition of tryptophan. PCR amplification of the genomic TRP J locus 
with primers CED005 and CED006 (Table 12) was achieved as follows: luL 
template genomic DNA, 5uL lOXBuffer (Fast Start Taq+Mg ? (Roche)), lpL 
lOmM dNTP's, 5pL each primer (2pM), 0.4pL Fast Start Taq, made up to 50p,L 
with H 2 0. PCRs were performed using a Perkin-Elmer Thermal Cj'cler 9600. 
The conditions were: denature at 94°C for lOmin [HOLD], then [CYCLE] 
denature at 94°C for 30 seconds, anneal for 30 seconds at 55°C, extend at 72°C 
for 120sec for 40 cycles, then [HOLD] 72°C for 10mm and then [HOLD] 4°C. 
PCR amplification of the wild type TRP J locus resulted in a PCR product of 
1.34kbp in size, whereas amplification across the deleted TRP J region resulted in 
a PCR product 0.84kbp smaller at 0.50kbp. PCR analysis identified a DXY1 
derived trp" strain (DXY1 ti-plA [pDB2244]) as having the expected deletion 
event. 
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The yeast strain DXY1 tiplA [pDB2244] was cured of the expression plasrnid 
pDB2244 as described by Sleep et aL, (1991, Bio/Technolog)', 9, 183-187). 
DXY1 trplA cir° was re-transformed the leucine prototrophy with either 
5 pDB2244, pDB2976, pDB2977, pDB2978, pDB2979, pDB2980 or pDB2981 
using a modified lithium acetate method (Sigma yeast transformation kit, YEAST- 
1, protocol 2; (Ito et al, 1983, J. Bacteriol, 153, 163; Elble, 1992, Bio techniques , 
13, 18)). Transformants were selected on BMMD-agar plates supplemented with 
tryptophan, and were subsequently patched out on BMMD-agar plates 
10 supplemented with tryptophan. Cryopreserved trehalose stocks were prepared 
from lOmL BMMD shake flask cultures supplemented with tryptophan (24 hrs, 
30°C, 200rpm). 

The yeast strains DXY1 trplA [pDB2976], DXY1 trplA [pDB2977] 5 DXY1 

15 tiplA [pDB2978], DXY1 trplA [pDB2979], DXY1 trplA [pDB2980] or DXY1 

tip I A [pDB2981] was transformed to tryptophan prototrophy using the modified 
lithium acetate method (Sigma yeast transformation kit, YEAST-1, protocol 2; 
(Ito et al, 1983, J. Bacterid., 153, 163; Elble, 1992, Biotechniques, 13, 18)) with a 
1.41kb pdilr.TRPl disrupting DNA fragment was isolated from pDB3078 by 
»0 digestion with NotVPstl. Transformants were selected on BMMD-agar plates and 
were subsequently patched out on BMMD-agar plates. 

Six transformants of each strain were inoculated into lOmL YEPD in 50mL shake 
flasks and incubated in an orbital shaker at 30°C, 200rpm for 4-days. Culture 
5 supernatants and cell biomass were harvested Genomic DNA was prepared (Lee, 
1992, Biotechniques, 12, 677) from the tryptophan prototrophs and DXY1 
[pDB2244]. The genomic PDI1 locus amplified by PCR of with primeis DS236 
and DS303 (Table 11 and 12) was achieved as follows: 1/iL template genomic 
DNA, 5|iL lOXBuffer (Fast Start Taq+Mg, (Roche)), IjliL lOmM dNTP's, 5jxL 

each primer (2fiM), 0.4fiL Fast Start Taq, made up to 50/iL with H 2 0. PCRs were 
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performed using a Perkin -Elmer Thermal Cycler 9700. The conditions were: 
denature. a1 94°C for 4min [HOLD], then [CYCLE] denature at 94°C for 30 
seconds, anneal for 30 seconds at 50°C ; extend at 72°C for 60sec for 30 cycles, 
then [HOLD] 72°C for lOmin and then [HOLD] 4°C. PGR amplification of the 
5 wild type PDI1 locus resulted in no PCR product, whereas amplification across 
the deleted PDI1 region resulted in a PCR product 0.65kbp. PCR analysis 
identified that all 36 potential pdiJ::TRPJ strains tested had the expected 
pdil::TBPl deletion. 

10 The recombinant albumin titres were compared by rocket Immunoelectrophoresis 
(Figure 92). Within each group, all six pdil;:TRPl disruptants of DXY1 tiplA 
[pDB2976] ; DXY1 trplA [pDB2978] 3 DXY1 trplA [pDB2980], DXY1 trplA 
[pDB2977] and DXYl trplA [pDB2979] had very similar rHA productivities. 

Only the sixpdilrTRPl disruptants of DXY1 trplA [pDB2981] showed variation 
15 in rHA expression titre. The six pdil::TRPl disruptants indicated in Figure 92 
were spread onto YEPD agar to isolate single colonies and then re-patched onto 
BMMD agar. 

Three single celled isolates of DXYl tip] A pdilrTRPl [pDB2976], DXY1 tiplA 

20 pdilr.TRPl [pDB297S] 5 DXY1 tiplA pdil::TRJPl [pDB29S0], DXY1 trplA 

pdilrTRPl [pDB2977], DXY1 trplA pdilr.TRPl [pDB2979] and DXYl tiplA 
pdil::TRPl [pDB2981] along with DXY1 [pDB2244], DXT1 [pDB2976], DXYl 
[pDB2978], DXYl [pDB2980] ; DXYl [pDB2977], DXYl [pDB2979] and DXT1 
[pDB2981] were inoculated into lOrnL YEPD in 50mL shalce flasks and incubated 
25 in an orbital shaker at 30°C 5 200rpm for 4-days. Culture supernatants were 
harvested and the recombinant albumin titres were compared by rocket 
Immunoelectrophoresis (Figure 93). The thirteen wild type PDI1 and pdilr.TRPl 
disruptants indicated in Figure 93 were spread onto YEPD agar to isolate single 
colonies. One hundred single celled colonies from each strain were then re- 
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patched onto BMMD agar or YEPD agar containing a goat anti-HSA antibody to 
detect expression of recombinant albumin (Sleep et al, 1991, Bio/Technology, 9, 
1 83-1 87) and the Leu+/rHA+, Leu+/rHA-, Leu-/rHA+ or Leu-/rHA- phenotype of 
each colony scored (Table 13). 

Table 13: 




These data indicate plasmid retention is increased when the PDI1 gene is used as a 
selectable marker on a plasmid in a host strain having no chromosomally encoded 
PDI, even in a non-selective medium such as the exemplified rich medium. 
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